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Summary 
Growth and performance parameters of chicks and ducklings depend on adequate 
development of the small intestine during prehatch and posthatch period. So morphological 
and histological parameters of this part are important indexes to describe the small intestinal 
development of the chicks and ducklings and, consequently, allow future growth capacity 
prediction. On the other hand, embryo development of small intestine could be affected by 
feed composition given to hen during egg laying. Therefore, it should be of great importance 
to extablish if maternal diet manipulation could positively influence chicken small intestine 
maturation. In order to better understand some aspects of this subject different trials were 
peformed.  
The objective of the first study was to investigate the morphological and histological changes 
of small intestine in different poultry species and breed during prehatch and posthatch period.  
In chicks all parameters studied (intestinal wall thickness, villi height, width and perimeter, 
crypt depth, Goblet cell numbers and argyrophil cell numbers) show an evident increase 
during prehatch and posthatch. Some differences has been observed comparing different parts 
of small intestine in the same breed or between breeds.  
In Ovambo chicks, intestinal wall thickness at E15 presented the lowest value in the ileum and 
the highest in the duodenum. Villi height of duodenum increased more rapidly than either 
jejunum or ileum from E17. Villi width increased from E19 to 9day in the three sections. The 
perimeter of villi increased in the duodenum from E19 to 2d and from 7d to 9d; in the jejunum 
and ileum from E19 to hatch and from 2d to 9d. Crypt depth progressively increased in the 
three intestinal segments from hatch to 7d. PAS/AB Positive goblets cells increased in the 
duodenum and jejunum from E19 to 7d while they increased in the ileum throughout E19 to 
9d. The density of agyrophil cells was highest in the duodenum and jejunum at hatch, while in 
the ileum the highest density value was at 2d.  
Comparing Leghorn and Ovambo chicks from hatch to 9d, duodenum and ileum intestinal 
wall of Leghorn resulted greater than that of Ovambo. On the contrary, the latter had longer 
villi than that of Leghorn from E15 through 7d in the duodenum and ileum and from E19 
through 9d in the jejunum. Moreover Ovambo had a significantly greater width of villi in the 
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duodenum from hatch through 9d and in the jejunum at hatch and at 9d; the perimeter of villi 
was consistently higher in the duodenum and jejunum from E19 through 9d. Likewise 
duodenum crypt width in Ovambo was wider than that in Leghorn at 2d and 9d. 
In Muscovy duckling, the height and width of small intestinal villi significantly increased with 
age. Villi number slightly increased from E24 to 2d, but there was a rapid decrease from 2d to 
13d. 
There were significant differences in the villi perimeter of duodenum and jejunum between 
E30 and hatching day, 2d and 9d, 9d and 13d. Increases in crypt depths were significantly 
affected by age from hatching in the duodenum and between hatching and 2d in the jejunum. 
Crypt width increased significantly only between hatching day and 2d. 
In the duodenum and jejunum the V:C ratio peaked at hatching, and decreased from hatching 
to 2d.  
AB/PAS-positive goblet cells appeared on the villi and crypts of the duodenum and jejunum at 
30E, and in the ileum at hatching. The AB-positive cells, compared with the PAS-positive 
cells, predominated in villi and crypts of the three segments, moreover the rate of AB-positive 
cells to PAS-positive cells significantly decreased from 30E to 9d. The argyrophil and goblet 
cells distribution was variable over the length of the small intestine from embryonic day 24E 
to post-hatching day13d. In the duodenum the density of agyrophil cells was highest at 
hatching, while in the jejunum and in the ileum the highest density value was at hatching and 
13d. Throughout the small intestine and in the pancreas, NPY immunoreative cells were 
detected from E24.  
PP positive cells were observed in the pancreas from E24, in the duodenum and jejunum from 
E30 and in the ileum from hatch. GLP-1 positive cells were observed in the pancreas and 
jejunum at E24 and in the duodenum and ileum at E30. Gastrin releasing peptide positive cells 
were first seen in the distal duodenum at E30 while in the proximal duodenum at hatch and in 
the jejunum at 9d, however they did not appeared in the pancreas. 
PACAP positive cells were primarily observed in the jejunum and ileum at E30 and in the 
duodenum at hatch. 
The objective of the second study was to evaluate the effects of maternal diet supplemented 
with vitamin D3 (VD) and vitamin E (VE) on the development of the small intestine of 
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Ovambo chicks during prehatch and posthatch period. VD body weight was heavier (7.1 mg) 
than the control (C) at hatch. VD Intestinal weight was lighter (1.45 mg) than the Control at 7 
days after hatch, however, the thickness of intestinal muscle layers in the C were higher than 
that in VD at 2 d and 7d. Villi height was obviously higher in the VD group in the duodenum 
and ileum at hatch, 2d and 7d, in the jejunum at E15, hatch and 2d. Villi height of VE was 
higher than that of C, respectively at hatch and 2d in duodenum and at 2d in jejunum. 
At E15 villi width in the VD group was higher than that in the C group in the duodenum, 
jejunum and ileum. Villi perimeter of VD was higher than that of C in the duodenum at E15 
and E19, in the jejunum at hatch and in the ileum at 7d.  
These results contribute to better understand the pattern of the morphological and histological 
changes of small intestine in Muscovy duck and in two different chicken breeds. Moreover, 
our findings suggest the effect of vitamin D and E supplemented maternal diet on the 
morphological changes of the small intestine in chicks.    
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Riassunto 
I parametri di crescita e di performance dei pulcini e degli anatroccoli dipendono da un 
adeguato sviluppo dell’intestino tenue. I parametri istologici e morfologici sono indici 
importanti per descrivere lo sviluppo del tenue del pulcino e dell’anatroccolo durante la fase di 
pre-schiusa e post-schiusa e, conseguentemente, possono fornire indicazioni sulla sua futura 
capacità di accrescimento. Parallelamente risulterebbe particolarmente importante verificare 
se, attraverso una manipolazione della dieta materna, sia possibile influire positivamente sul 
processo fisiologico di maturazione dell’intestino del pulcino. Allo scopo di fornire un 
contributo alla conoscenza di queste tematiche, sono state realizzate due diverse 
sperimentazioni. 
L’obbiettivo del primo studio è stato quello di investigare i cambiamenti morfologici ed 
istologici del tenue di due specie avicole e di due razze di pollo prima e dopo la schiusa. Nei 
pulcini Ovambo allo stadio E15, lo spessore della parete intestinale presenta il valore più 
basso nell’ileo mentre il più alto nel duodeno. Da E17 l’altezza dei villi del duodeno aumenta 
più rapidamente di quanto osservato sia nel digiuno che nell’ileo. La larghezza dei villi, da 
E19 a 9 giorni, aumenta similmente nei tre segmenti. Il perimetro dei villi del duodeno 
aumenta da E19 a 2 giorni e da 7 giorni a 9 giorni, mentre nel digiuno e nell’ileo da E19 fino 
alla schiusa e da 2 giorni fino a 9 giorni.  
Dalla schiusa a 7 giorni di età, la profondità delle cripte aumenta progressivamente nei tre 
segmenti del tenue. Le cellule mucipare PAS/AB positive aumentano nel duodeno e nel 
digiuno da E19 a 7 giorni e diminuiscono da 7 giorni a 9 giorni, mentre nell’ileo aumentano da 
E19 a 9 giorni. Alla schiusa  la densità maggiore delle cellule argirofile si osserva nel 
duodeno e nel digiuno, mentre nell’ileo il valore di densità maggiore si osserva a 2 giorni. 
Comparando i pulcini Ovambo e Livorno, la parete intestinale dei Livorno è risultata più 
grande di quella degli Ovambo nel duodeno e nell’ileo dalla schiusa a 9 giorni. Gli Ovambo 
hanno villi più lunghi di quelli dei Livorno nel duodeno e nell’ileo da E15 fino a 7 giorni e nel 
digiuno da E19 fino a 9 giorni. Gli Ovambo hanno anche una larghezza dei villi 
significativamente maggiore nel duodeno dalla schiusa fino a 9 giorni e nel digiuno alla 
schiusa  e a 9 giorni. Il perimetro dei villi degli Ovambo è maggiore di quello dei Livorno nel 
duodeno e nel digiuno da E19 fino a 9 giorni. La larghezza delle cripte degli Ovambo è 
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maggiore di quella dei Livorno nel duodeno a 2 giorni e a 9 giorni.  
Nell’anatroccolo di anatra Muschiata, l’altezza e la larghezza dei villi del tenue aumentano in 
maniera significativa con l’età. Il numero dei villi aumenta di poco da E24 a 2 giorni, ma c’è 
una rapida diminuizione da 2 giorni a 13 giorni. Ci sono differenze significative nel perimetro 
dei villi del duodeno e del digiuno tra E30 e la schiusa, 2 giorni e 9 giorni, 9 giorni e 13 giorni. 
Aumenti della profondità delle cripte sono influenzati dall’età nel duodeno tra la schiusa e 2 
giorni, 2 giorni e 9 giorni e nel digiuno tra la schiusa e 2 giorni. La larghezza delle cripte 
aumenta in maniera significativa solo tra la schiusa e 2 giorni. Nel duodeno e nel digiuno il 
Villi:Cripte ratio presenta il picco alla schiusa, e diminuisce dalla schiusa a 2 giorni. Le cellule 
mucipare AB/PAS-positive appaiono nei villi e nelle cripte del duodeno e del digiuno a E30, e 
nell’ileo alla schiusa. Le cellule AB-positive, confrontate con quelle PAS-positive, 
predominano nei villi e nelle cripte dei tre segmenti, inoltre il tasso delle cellule 
AB-positive/PAS-positive diminuisce significativamente da E30 a 9 giorni. La distribuzione 
delle cellule mucipare ed argirofile varia per tutta la lunghezza del tenue da E24 a 13 giorni 
dopo la schiusa. Nel duodeno la densità delle cellule argirofile è più alta alla schiusa mentre 
nel digiuno e nell’ileo la più alta densità è alla schiusa e a 13 giorni. In tutto il tenue e nel 
pancreas, sono state trovate cellule NPY-immunoreattive ad iniziare da E24. Cellule positive al 
PP sono state osservate nel pancreas da E24, nel duodeno e nel digiuno da E30 e nell’ileo dalla 
schiusa. Cellule GLP-1 immunoreattive sono state osservate nel pancreas e nel digiuno a E24 
e nel duodeno e nell’ileo a E30. Cellule immunoreattive al peptide di rilascio della gastrina 
sono state trovate nel duodeno distale ad iniziare da E30 mentre nel duodeno prossimale alla 
schiusa e nel digiuno a 9 giorni. Infine nel pancreas non sono state individuate. Cellule 
PACAP immunoreattive sono state osservate principalmente nel digiuno e nell’ileo a E30 e nel 
duodeno alla schiusa.  
L’obbiettivo del secondo studio è quello di valutare l’effetto della dieta materna arricchita con 
vitamina D3 (VD) e vitamina E (VE) sullo sviluppo del tenue dei pulcini Ovambo durante il 
periodo di pre-schiusa e post-schiusa.Alla schiusa il peso del corpo dei pulcini provenienti da 
galline alimentate con VD (PVD) è in media 7.1 mg maggiore di quello dei controlli (C). A 7 
giorni dopo la schiusa il peso dell’intestino dei PVD è in media 1.45 mg minore di quello dei 
C. Inoltre a due e sette giorni dopo la schiusa lo spessore dello strato muscolare dell’intestino 
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dei controlli era maggiore di quello dei PVD. L’altezza dei villi è risultata maggiore nel 
gruppo dei PVD nel duodeno e nell’ileo alla schiusa, a 2 giorni e a 7 giorni mentre nel digiuno 
a E15, alla schiusa e 2 giorni. La larghezza dei villi nel gruppo dei PVD è maggiore di quella 
del gruppo C nel duodeno, digiuno e ileo a E15. Il perimetro dei villi dei PVD è maggiore di 
quello dei C nel duodeno a E15 a E19, nel digiuno alla schiusa e nell’ileo a 7 giorni.  
Con la presente ricerca si è cercato di fornire un contributo alla conoscenza dei cambiamenti 
morfologici ed istologici dell’intestino tenue dell’anatra muschiata e di due razze avicole  
nella fase terminale dello sviluppo. I nostri risultati suggeriscono inoltre la possibilità di 
influire sullo sviluppo dell’intestino tenue del pulcino attraverso l’integrazione di vitamina D 
nella dieta della gallina. 
Charter 1- Morphological and histological changes of the small intestine of Ovambo chicks  
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Chapter 1- Morphological and histological changes of the small intestine of Ovambo 
chicks during prehatch and posthatch period 
Introduction  
Morphology  
In avian species, development and growth partly depend on the capacity to digest and 
assimilate nutrients in small intestine. The development of small intestine is a critical factor to 
digest and assimilate nutrients. Development of the small intestine is comprised of three 
stages: (1) morphogenesis and cell proliferation, (2) cell differentiation, and (3) functional 
maturation. The function of intestine has relationship with its development and maturation. 
This has been proved by many researchers who reported that during development differences 
in intestinal function may arise, in part, from anatomical changes (Buddintong and Diamond, 
1989; Ruttanavut et al., 2009).  
Functional maturation of the small intestine involves both morphological and physiological 
changes and is the primary constraint to optimal early growth of birds (Konarzewski et al., 
1990). Moreover, Ferraris (1989) demonstrated that the anatomical factors make such a 
significant contribution in D-glucose transport capacity that they should be considered with a 
similar importance as the kinetic properties of the transport systems. In the gastrointestinal 
tract, enzymatic activity and nutrient absorption capacity are reported to be closely correlated 
with morphological changes (Henning, 1979, 1984; Shub, 1983; Meddinds and Theisen, 1989; 
Vincenzini et al., 1989, Takata et al., 1992, ). 
It has been demonstrated that an improve of gut morphology is paralleled by an increased 
digestive and absorptive function of the intestine due to increased absorptive surface area, 
expression of brush border enzymes and nutrient transport systems (Awad et al., 2008). 
According to these reports we consider that the morphological change of intestine is the 
mainly factor that affects the function of intestine.  
Embryonic and early post-hatch development of the birds is a period with rapid morphological 
and functional development of the gastrointestinal tract (Baranyiova, 1972). Around hatch, 
major changes in intestinal growth and differentiation of gastrointestinal epithelial cells, and 
digestive and absorptive capacities of the gastrointestinal tract occur. These are controlled by 
intrinsic (genetic programming) and extrinsic factors (intestinal flora, hormonal, neuronal, 
Charter 1- Morphological and histological changes of the small intestine of Ovambo chicks  
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nutritional and nonnutritional factors), as reviewed by Lipkin (1981), Pacha (2000), and 
Sangild (2001). Changes in nutrition from the first day after hatching, when the yolk sac rich 
in lipids is progressively replaced in the birds by a solid diet rich in carbohydrates 
(Buddington and Diamond 1989), are also related to morphological (Baranyiova and Holman 
1976; Uni et al., 1995) and enzymatic changes in the small intestine (Uni et al., 1998). 
The delayed development of the small intestine could hinder the growth of poult. Also avian 
are unique in demanding the gastrointestinal tract to change functionally from utilizing 
lipid-rich yolk as a nutrient source during embryonic development to diets composed of 
carbohydrates and proteins after hatch (Noy and Sklan, 2001). The rapid development of the 
small intestine in the prehatch and posthatch period is an important process which enable 
avian to assimilate ingested nutrients.  
In avian, the small intestine is the part of the gastrointestinal tract (gut) following the stomach 
and followed by the large intestine, and is where the vast majority of digestion and absorption 
of food takes place. The small intestine is divided into the duodenum, the jejunum and the 
ileum. The duodenum extends from the ventriculus to pancreatic and bile ducts; the jejunum 
from the ducts to Meckel’s diverticulum; the ileum from the diverticulum to ileo-caeco-colic 
junction. During the first week posthatch the small intestines increases in weight more quickly 
than the body mass (Katanbaf et al., 1988; Sell et al., 1991; Sklan, 2001). Rapid 
morphological changes occur after hatch with differing ontogenic timetables of villus growth 
in the duodenum, jejunum, and ileum (Sklan, 2001). 
Intestinal villi are the protrusions of the lamina propria into the intestinal lumen to enlarge the 
digestive and absorptive area. The villi surface is covered with a simple columnar epithelial 
cell layer consisting of absorptive, goblet and entero-endocrine cells. At the base of the villi, 
the cell layer lines the inside surface of tubular indentations of intestinal crypts, which reach 
the mucosal layer. Near the smooth muscle layer, the inside layer of the crypt again lines the 
neighboring villi surface, resulting in blind ends in the crypt. All epithelial cells originated by 
mitosis in the stem-cell zone located in the lower portion of crypt migrate along the villi 
surface upward to the villi tip within a few days for maturating, where they extruded into the 
intestinal lumen within 48 h after birth. In recent years, the different mechanisms of epithelial 
cell loss which are associated with intraepithelial lymphocytes and lamina propia macrophages 
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have been re-investigated. Such a cellular migration is likely to be altered by intestinal 
function. In addition, since villi consist of epithelial cells, the villi height is assumed to change 
according to the cell area and number.  
Morphological development of the small intestinal mucosa involves the stepwise remodeling 
of a smooth-surfaced endodermal tube to form finger-like luminal projections (villi). The 
intestinal villi are a unique morphological component critical to intestinal function, and their 
malformation can lead to malabsorption, chronic wasting syndromes, and failure to thrive. The 
villi growth, usually termed morphogenesis, is of prime interest in the study of development. 
An epithelial sheet that undergoes dramatic change in form during development is the 
intestinal epithelium, which becomes shaped into finger-like villi that protrude into the lumen 
of the gut. The intestinal epithelium in the chicken does not form villi directly, but first forms 
longitudinal folds, termed previllous ridges, running the length of the intestine (Hilton, 1902). 
The number of villi markedly decreased at 10 days of age in all the intestinal segments in 
White Leghorn (WL) and broiler (BR) chickens, suggesting a rapid development of villi 
during the first 10 days (Yamauchi & Isshiki, 1991). WL had the highest villi numbers in the 
duodenum, followed by lower numbers in the jejunum and the lowest in the ileum during the 
starter stage (Yamauchi et al., 1993). However, the jejunal villus height showed a marked 
growth rate up to the next development stage followed by the ileum, while the duodenal villi 
slightly increased. This shows that vigorous absorption takes place mainly in the duodenum in 
the early stage of life and is then extended to the jejunum with increasing age, while the 
intestinal histology is altered during post-hatching development in chicks. This corresponds 
with the results that the intestinal mucosa changed structurally with age, especially over the 
first 7 days post hatch, and the rate of development was most rapid in the jejunum of chick 
(Uni et al., 2000).  
Crypts are tubular invaginations of the epithelium around the villi, lined largely with younger 
epithelial cells which are involved primarily in secretion. At the base of the crypts there are 
stem cells, which continually divide and provide the source of all the epithelial cells in the 
crypts and on the villi. At each mitosi one daughter remains a stem cell while the other 
differentiates and migrates up the side of the crypt and eventually the villus. Goblet cells are 
among the cells produced in this fashion. 
Charter 1- Morphological and histological changes of the small intestine of Ovambo chicks  
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The crypts secrete various enzymes, including sucrase and maltase, along with endopeptidases 
and exopeptidases. Also new epithelium is formed here, keeping in mind that the epithelium at 
this site is frequently worn away by the passing food. Loss of proliferation control in the 
crypts is thought to lead to colorectal cancer in mammal. 
At hatch, crypts are not detectable in the chick small intestine; these become defined within 
hours after hatch and proceed to growth and proliferate rapidly for 4 d. All epithelial cells in 
the chick intestine are in a proliferating stage at hatch, and, as crypts develop, proliferation 
becomes localized mainly to the crypts within 5–8 d, although a percentage of villus 
enterocytes continue to proliferate after this period (Uni et al., 2000; Geyra et al., 2001a). 
Crypt depth, which reflects enterocyte differentiating activity, increased linearly in both 
duodenum and jejunum until 10 to 12 days, although the increase in the jejunum was greater 
than in the duodenum. Increases in the crypt depth in the ileum with age were small. The 
number of enterocytes per villus increased, but enterocyte density along the villus did not 
change significantly over this period in the duodenum and ileum, but increased slightly in the 
jejunum (Uni, 1995, 1996). 
Consequently, in order to understand well nutrients absorptive function in intestine, the 
usefulness of ingested diets might be determined; (i) by light microscopic parameters of villus 
height, cell area and cell proliferation (cell birth due to cell mitosis) microscopy; (ii) by 
morphological alterations of the epithelial cells on the villus apical surface using a scanning 
electron microscope; and by (iii) the ultra-structural alterations of the organelles in the 
epithelial cells using a transmission electron microscope.  
Histology  
The intestinal tract epithelium is covered by a mucus layer composed predominantly of mucin 
glycoproteins, which are synthesized and secreted by goblet cells distributed along the villi. 
Goblet cells arise by mitosis from pluripotential stem cells at the base of the crypt (Cheng, 
1974) or from poorly differentiated cells in the lower crypt referred to as oligomucous cells 
(Cheng, 1974). These cells migrate from the crypt toward the villus tip where they are 
sloughed into the lumen, a process that takes 2 to 3 days (Geyra et al., 2001b). 
Goblet cells are glandular simple columnar epithelial cells whose function is to secrete mucin, 
which dissolves in water to form mucus which covered the epithelial surface of the small 
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intestine. Mucus acts both as a protective barrier against harmful intralumimal components 
(Smirnov et al., 2005) and as a medium for microorganisms; moreover it influences transport 
between luminal contents and the brush border (Forstner, 1995). Several studies have been 
carried out regarding the distribution of mucins in the intestine of many species (Hopwood et 
al., 1977, 1986; Jamdar and Ema, 1982; Henk et al., 1986; Long and Orlando, 1999; 
Poorkhalkali et al., 1999). Mucins, secreted by goblet cells, are classified into neutral and 
acidic subtype. The neutral mucins presents in the gastric mucosa is the predominant mucin 
subtype while the acidic mucins are found in the intestine epithetlium, dominating in the large 
intestine (Sheahan and Jervis, 1976; Deplancke and Gaskins, 2001).  
The gastrointestinal tract is the largest endocrine organ of the body. Endocrine cells are 
scattered among the epithelium cells of the gastrointestinal tract (Feyrter., 1938, 1953; Sundler 
1988). The digestive function is affected by hormones produced in many endocrine glands, but 
the most profound control is exerted by hormones produced within the gastrointestinal tract 
(Deveney and Way, 1983). Silver techniques have been regarded as a general method for 
detecting intestinal endocrine cells, in particular Grimelius positive cells are classified as 
argyrophil cells (Grimelius, 1968, 1980). Argyrophil cells of the digestive tract are endocrine 
cells belonging to the amine precursor uptake and decarboxylation (APUD) system. The 
regional distribution and the relative frequency of these cells in the intestine have been found 
to vary with the animal species, such as reptiles (Ku et al., 2001), fish (Pan et al., 2000), birds 
(Rawdon and Andrew, 1981: Nascimento et al., 2007; Wang et al., 2010) and mammals (Ku et 
al., 2004a, 2004b). In the gastrointestinal tract argyrophil cells were classified in two types 
according to the shape. The open-type cells, which have a triangular or elongated shape with 
an apical cytoplasmic processes in contact with the glandular lumen, and the closed-type cells, 
which are round, oval or conical-shaped without a luminal connection (Wang et al., 2010).  
Purpose 
In the current study, we performed a morphometric analysis in the intestine of embryos and 
chicks after hatch. Therefore, the objective of this study was to investigate the developmental 
patterns of intestine in embryos and chicks using the light microscopic parameters of intestine, 
villi and crypt. We analyses the distribution of goblet cells and argyrophil cells during 
development of chicks with histochemical method as well. 
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Materials and Methods   
Birds 
The intestinal morphometric measurements in these studies were collected from 45 embryos 
and chicks. 45 embryos and chicks were hatched by eggs from 20 Ovambo chickens (45 
weeks old). Embryos and chicks were sacrificed for analysis at 15, 17, 18, 19 d of incubation 
(E 15, E17, E18, E19, respectively) and at hatch, 2d, 7d, 9d of life (0, 2d, 7d, 9d).  
Sample processing 
For each embryo and chick, samples of approximately 2cm were cut from each segment of the 
proximal duodenum, the proximal jejunum and the middle ileum. The first segment, termed 
the duodenum, extended from the pylorus to the pancreas and formed a loop surrounding most 
of the pancreas. The second segment was the jejunum which extended from the distal portion 
of the duodenal loop to Meckel’s diverticulum. The third segment was the ileum which 
extended from Meckel’s diverticulum to the ileocecal junction, with its distal portion 
connected to a pair of ceca via mesenteric tissue (Wang et al.,2008). Samples were gently 
flushed with phosphate buffer 0.1 M PH 7,1 (PB) to washout the intestinal contents and fixed 
in PB with 4% formaldehyde. After 1 day fixing, each sample was divided into 2 parts, 
routinely dehydrated in alcohol (70%, 80%, 95%, 100%), and embedded in resin (JB-4, 
Polyscience). Sections of 4 µm were cut with a microtome (Reichert-Jung. Mod. 
1140/Autocut) and collected onto gelatin coated slides. For morphology measurements, 
sections were stained with hematoxylin and eosin according to Mayer (Luna, 1968). Sections 
were examined by a light microscope (Leitz, Diaplan) connected to a PC via a Nikon digital 
system (Digital Sight DS-U1). Images were acquired using the NIS-Elements F version 2.10 
software. 
Staining procedure  
Hematoxylin and eosin  
Parameters of morphometriy were done by staining 4-µm sections with Hematoxylin and 
eosin according to the following protocol. Slides were briefly washed in distilled water, 
stained in Mayer hematoxylin solution for 5-10 minutes, washed in running tap water for 10 
minutes, stained in eosin solution (1% in distilled water) for 30 seconds to 1 minute, washed in 
distilled water, dehydrated through 95% alcohol and twos in absolute alcohol 5 minutes each, 
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Cleared in 2 changes of xylene 5 minutes each and mounted with xylene based mounting 
medium.  
Alcian blue (AB) pH 2.5 + Schiff reagent (PAS) 
Determination of goblet cells containing acidic and neutral mucin was done by staining 4-µm 
sections with Alcian blue (AB) pH 2.5 + Schiff reagent (PAS) according to the following 
protocol. Slides were incubated with AB pH 2.5 solution for 30 minutes, rinsed in running 
water for 5 min, and placed in 0.5% of periodic acid solution for 10 min, rinsed in running 
water for 5 min and incubated in Schiff reagent for 10 min. After washing in running water 
and then in distilled water, the slides were dehydrated and mounted. The number of 
AB/PAS-positive cells along the villi was determined by light microscopy (Leitz, Diaplan). 
Grimelius  
Determination of argyrophil cells was done by staining 4-µm sections with Grimelius stain 
according to the following protocol. Slides were dipped in the distilled water for 1 minute, 
incubated at 60°C in silver solution (1%AgNO3 solution with 0.2M Sodium acetate and 0.2M 
acetic acid ) for 3 hours, dipped in the reducing solution (5% sodium sulfite solution with 1% 
hydroquinone) at 45°C for 1 minute. After washing in distilled water, the slides were 
dehydrated and mounted. The number of argyrophil cells along the villi was determined by 
light microscopy. 
Measurement and analysis 
Measurements were made using ImageJ 1.37V software. Ten well-oriented and intact 
crypt-villi units of each slide were measured in triplicate. The villi height was defined as the 
distance from villi tip to crypt junction. The villi width was measured from the outside 
epithelial edge to the outside of the opposite epithelial fringe at the half-height of the villi. The 
perimeter of the villi was measured all villi boundary. Villi surface area was calculated from 
villi height and width at the half-height. The crypt depth was defined as the depth of the 
invagination between adjacent villi. The muscle thickness was measured from the junction 
between the submucosal and muscular layers to that between the muscular layer and the tunica 
serosa. The number of AB/PAS-positive and argyrophil cells along the villi was determined by 
light microscopy. The number of cells along the villi was determined by light microscopy. 
Density of cells was calculated as the number of cells per unit of villi area (mm
2
).  
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Mean values generated from all individual measurements were statistically analysed by a one 
factor variance analysis using the GLM procedure (SAS, 1999). Once main effects were 
significant with P<0.05, means were compared by Duncan’s multiple range test using a 
significance level of P<0.05. 
Results  
Morphology  
Thickness of intestinal wall was obviously changed during the development of embryo and 
chick (P<0.05, Table. 1). In the duodenum and ileum, it decreased from E15 to E17, then 
increased from E19 to hatch and it decreased sharply again from 7d to 9d, but it decreased in 
the jejunum from 2d to 7d (P<0.05). The thickness of intestinal wall presented the lowest in 
the ileum and the highest in the duodenum at E15, but it showed the highest in the ileum and 
the lowest in jejunum at E19 (P<0.05). 
Table 1 The thickness of the samll intestinal wall and muscle of embryos and chicks at 
different ages  
Age Thickness of intestinal wall (μm) Thickness of muscle (μm) 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E15 406.5±99.02BCa 355.6±35.4 1Aa 283.8±92.12 Db 208.5±72.41 Aa 136.4±36.32 Bb 140.2±33.79 BCb 
E17 309.5±12.43 Eb 349.3±27.56 ABb 429.5±110.91 Ba 123.7±27.64 CDa 136.5±59.78 Ba 132±16.25 BCa 
E18 338.6±84.23 DEa 299.6±63.14 CDa 354.0±71.27Ca 165.2±43.93 BCa 123.6±37.42 Bb 194.8±75.49 Aa 
E19 375.3±48.02 CDb 321.5±42.41 BCc 529.1±84.97 Aa 155.6±28.33 BCb 132.9±12.27 Bc 149.8±43.56 BCa 
0 441.2±16.02 ABa 340.4±43.08 ABCc 392.1±77.92 BCb 155.2±57.74 BCa 141.5±11.38 Ba 156.2±35.45 BCa 
2d 432.4±25.01 ABa 347.1±43.65 ABb 433.4±33.87 Ba 172.6±34.02 Ba 179.0±19.02 Aa 166.9±59.37 Ba 
7d 454.8±57.34 Aa 296.4±15.54 CDb 446.6±36.47 Ba 220.9±18.68 Aa 197.7±10.50 Ab 197.1±15.72 Ab 
9d 334.2±44.8 Ea 258.7±18.6 Db 336.4±24.3 CDa 140.4±18.4 CDb 143.6±29.9 Bb 171.2±15.7 Ba 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows with different 
superscript lower case letters are different (P <0.05). 
Thickness of muscle presented in Table 1 show that it decreased from E15 to E17 and from 7d 
to 9d in the duodenum and ileum and from E18 to E19 in the ileum, increased from 2d to 7d in 
the duodenum and ileum and from E17 to E18 in the ileum (P<0.05), but there was the 
increase from hatch to 2d and the decrease from 2d to 7d in the jejunum (P< 0.05). At E19 
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the thickness was the highest in the ileum and lowest in the jejunum (P<0.05), but at 7d in the 
duodenum was more thick 23.2 and 23.8μm than that in the jejunum and ileum respectively 
(P<0.05).   
Table 2 The thickness of the small intestinal wall with villi of embryos and chicks at different 
ages 
Age 
Thickness of intestinal wall with vlilli (μm) 
Duodenum Jejunum Ileum 
E15 594.0±103.83 FGa 588.3±98.76 Ea 485.6±40.78 Gb 
E17 578.7±37.01 Ga 591.2±28.96 Eab 640.2±71.97 Fb 
E18 663.0±39.47 Fb 597.4±64.63 Ec 721.0±82.58 Ea 
E19 1006.4±38.93 Ea 872.6±44.82 1Db 863.8±89.55 Db 
0 1351.4±135.92 Da 1317.6±126.68Ca 985.9±77.54 Cb 
2d 2328.7±283.55 Ca 1750.1±195.96 Bb 1441.5±124.84 Ac 
7d 2540.9±31.19 Ba 1738.1±91.52 Bb 1369.3±188.66 Bc 
9d 2920.4±111.81 Aa 2329.0±198.67 5Ab 1439.8±221.07 ABc 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows with different 
superscript lower case letters are different (P <0.05). 
The thickness of intestinal wall with villi progressive increased from E15 to 9d in three 
sections, except from E15 to E17 in the duodenum and from 2d to 7d in the jejunum and ileum 
(P<0.05, Table. 2). In particular, it significantly increased from E17 to 9d in the duodenum, 
from E18 to 2d and from 7d to 9d in the jejunum and from E15 to 2d and from 7d to 9d in the 
ileum. At E 15, the thickness in the ileum  was thinner 108.4μm and 102.7μm than that in the 
duodenum and jejunum respectively (P<0.05), also at 9d the highest thickness was in the 
duodenum and the lowest in the ileum (P<0.05).  
The height of villi progressive increased in the duodenum from E15 to 9d, in the jejunum from 
E15 to 2d and in the ileum from E17 to 2d (P<0.05, Table. 3). The height of villi increased 8.9 
times from the lowest at E15 to the highest at 9d in the jejunum, 6.6 times from lowest at E15 
to the highest at 9d and 4.0 times from lowest at E17 to the highest at 9d (P<0.05). In 
particular, from E19 to hatch and from hatch to 2d, the height of villi increased 438.9μm and 
700.9μm in the duodenum, 443.8μm and 359μm in the jejunum and 264.6μm and 157μm in 
Charter 1- Morphological and histological changes of the small intestine of Ovambo chicks  
17 
the ileum respectively (P<0.05). Although, the height of villi was not different in duodenum, 
jejunum and ileum, there are significant changes in the height of villi among three sections 
from E17 to 9d (P<0.05). The duodenum increased in the height of villi more rapidly than 
either jejunum or ileum from E17 (P<0.05) and the jejunum increased in the villi height more 
rapidly than ileum from hatch (P<0.05).  
The villi width (Table. 3) increased from E19 to 9day in three sections (P<0.05), but in the 
jejunum and ileum from 7d to 9d. In particular, from E19 to hatch and from hatch to 2d, the 
villi width increased 131.2μm and 147.1μm in the duodenum, 103.8μm and 84μm in the 
jejunum and 78.5μm and 52.4μm in the ileum respectively, also the villi width increased 
76.2μm in the ileum from 2d to 7d (P<0.05).The duodenum increased in the width of villi 
more rapidly than both jejunum and ileum, also the jejunum increased in the villi width more 
rapidly than ileum from E19 (P<0.05). 
Table 3 The height and width of the small intestinal villi of embryos and chicks at different 
ages 
Age 
Height of villi (μm) Width of villi (μm) 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E15 222.4±26.6 Ea 225.41±35.8 Ea 215.0±30.3 Ea 106.35±14.8 Da 84.4±11.3 Da 127.9±33.6Da 
E17 256.1±25.2 Ea 229.4±18.5 Eb 193.9±19.6 Ec 123.15±22.3 Da 109.7±10.8 Da 119.1±18.7 Da 
E18 398.1±110.53 DEa 330.1±19.97 DEab 288.1±22.83 DEb 120.157±23.12 Da 107.6±11.96 Da 135.4±52.25 Da 
E19 530.5±187.34 Da 405.1±42.91 Dab 327.8±45.04 Db 118.78±28.69Da 88.5±12.92 Db 67.4±8.73 Ec 
0 969.4±120.16 Ca 848.9±96.69 Cb 592.4±60.73 Cc 249.99±25.26 Ca 192.4±16.69 Cb 145.9±50.53 Dc 
2d 1670.3±101.44 Ba 1207.9±113.12 ABb 750.3±81.64 ABc 397.16±47.4 8Aa 276.4±113.16 Bb 198.3±42.12 Cc 
7d 1852.7±158.46 ABa 1183.5±1071.48 Bb 678.1±74.39BCc 353.79±46.45 Ba 332.5±37.43 Ab 274.5±50.85 Ac 
9d 1986.6±130.44 Aa 1366.2±228.62 Ab 779.9±78.83 Ac 436.01±41.55 Aa 313.5±28.69 ABb 235.6±57.77 Bc 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows with different 
superscript lower case letters are different (P <0.05). 
The perimeter of villi rapidly increased in the duodenum from E19 to 2d and from 7d to 9d, in 
the jejunum and ileum from E19 to hatch and from 2d to 9d (P<0.05, Table, 4). Comparisons 
of villi perimeter in the duodenum, jejunum and ileum showed that in the duodenum it was 
greater than in the jejunum and ileum form E17 to 9d, and in the jejunum were was greater in 
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the ileum at E17 and from E18 to 9d (P<0.05). However the perimeter increased 3.77 times in 
the jejunum, 3.4 times in the duodenum and 1.12 times in the ileum from E19 to 7d. From 7d 
to 9d, it increased 2.55 times in the duodenum, 1.2 times in the duodenum and 1.12 times in 
the ileum.  
Surface area of villi quickly increased from E19 to 2d in the duodenum and from E19 to 7d in 
the jejunum and ileum (P<0.05, Table. 4). Increases presented 11.16 times in the jejunum, 
11.03 times in the duodenum and 8.4 times in the ileum from E19 to 9d (P<0.05).  
Table 4 The perimeter and surface area of the small intestinal villi of embryos and chicks at 
different ages 
Age 
Perimeter of villi (μm) Surface area of villi (μm2)×103 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E15 617.7±79.13Ea 644.6±91.18 Fa 646.2±108.24Ea 23.4±2.92 Db 19.3±11.72 Db 18.2±9.68 Da 
E17 769.3±75.97DEa 660.1±56.68 EFc 544.7±109.95Ec 31.8±3.27 Da 25.1±10.73 Db 23.6±9.08 Db 
E18 1005.1±303.68 Da 842.2±264.15 EFab 778.6±215.16 Db 50.3±2.92 Da 41.7±4.17 Da 41.7±2.83 Da 
E19 1114.2±187.3 5Da 966.3±42.96 Eb 790.9±83.83 Dc 61.0±2.15 Da 35.2±3.47 Db 22.3±4.93 Dc 
0 2045.1±310.43 Ca 2115.5±440.32 Db 1242.7±252.03 Cc 243.3±55.52 Ca 167.4±6.65 Cb 86.3±3.27 Cc 
2d 3932.7±896.68 Ba 1720.0±663.93 Cb 1385.3±133.84 Cc 671.9±27.54 Da 335.6±16.12 Bb 150.6±75.91Bc 
7d 3942.62±668.76 Ba 2487.9±484.37 Bb 1897.1±378.94 Bc 673.2±20.28 Ba 393.4±14.34 Ab 187.9±5.1 4Ac 
9d 4783.14±1054.8 Aa 3644.1±864.6 Ab 2141.6±320.1 Ac 878.1±320.1 Aa 429.7±15.3 Ab 185.1±6.1 Ac 
a,bMeans within columns with different superscript capital letters are different (P <0.05).     Means within rows with different 
superscript lower case letters are different (P <0.05). 
Crypts were presented in the three sections at hatch. The number of crypts per villi changed 
with age in three intestinal segments (P<0.05 Table. 5). From 2d to 7d increases were in the 
duodenum, jejunum and ileum. From 7d to 9d presented increases in the jejunum and 
decreases in the ileum (P<0.05). Crypts number were bigger in the duodenum and ileum than 
in the jejunum at 7d, but smaller in the duodenum and ileum that in the jejunum at 9d 
(P<0.05).  
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Table 5 The number of crypts per villi and ratio of villi height to crypt depth in small intestine 
of embryos and chicks at different ages 
Age Number of crypt Villi height:crypt depth 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
0 1.10± 0.08 Ba 1.21±0.11 Ca 1.10±0.11 Ca 12.7±1.77 ABa 10.5±2.73 Aa 8.1±1.79 Ab 
2d 1.39±0.12 Ba 1.32±0.09 Ca 1.13±0.23 Ca 12.5±7.26 Aa 8.0±4.27 Bb 5.4±2.0 Bb 
7d 2.72±0.32 Aa 1.94±0.63 Bb 2.67±0.96 Aa 6.7±2.47 Ca 6.9±2.76 Ba 3.5±0.78 Cb 
9d 2.75±0.54 Aa 3.171±0.87 Aa 1.96±0.73 Bb 8.7±3.06 Ba 7.1±3.28 Ba 5.1±1.97 Bb 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows 
with different superscript lower case letters are different (P <0.05). 
Crypt depth progressively increased in the three intestinal segments from hatch to 7d, however 
it decreased in the duodenum and ileum from 7d to 9d (P<0.05, Table. 6). The depth increased 
3.4 times in the duodenum, 3.07 times in the jejunum and 2.89 times in the ileum from hatch 
to 7d (P<0.05).  
Crypt width progressively increased in the duodenum from hatch to 9d, however it increased 
in the jejunum and ileum from hatch to 7d (P<0.05, Table 6). The crypt width in the 
duodenum were greater than in the ileum from hatch to 9d and than in the jejunum at hatch 
and 9d, and it in the jejunum were greater than that in the ileum only at 7d (P<0.05).  
Table 6 The depth and width of crypt in small intestine of embryos and chicks at different ages 
Age Depth of crypt Width of crypt 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
0 87.7±5.44 Da 80.4±4.15 Ca 78.4±5.39 Ca 59.2±3.42 Da 47.4±4.01 Cb 46.3±4.89 Cb 
2d 152.2±44.32 Ca 160.2±39.66 Ba 142.1±31.94 Ba 94.1±11.27 Ca 86.8±13.55 Bab 77.7±25.16 Bb 
7d 301.9±96.69 Aa 207.1±0.63 Ab 226.3±72.81 Ab 111.7±12.68 Ba 113.4±26.24 Aa 92.4±31.22 Ab 
9d 248.2±83.13 Ba 221.2±88.47 Aa 162.3±39.8 Bb 132.8±29.1 Aa 112.6±27.5 Ab 95.1±33.1 Ab 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows with 
different superscript lower case letters are different (P <0.05). 
The ratio of villi height to crypt depth presented the tendency initially decreases from hatch to 
7d then increases from 7d to 9d in three intestinal segments (Table. 5), in particular it 
presented in the duodenum and ileum from 2d to 7d and from 7d to 9d and in the jejunum 
from hatch to 2d (P<0.05). Among three segments, the ratio in the duodenum and jejunum 
were bigger than that in the ileum from hatch to 9d, except at 2d (P<0.05).  
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Histology  
PAS/AB-positive goblet cells presented on the villi and crypt of the three segments at E19 
(Fig. 1-3, Fig. A-E). Positive goblets cells increased in the duodenum and jejunum from E19 
to 7d and decreased from 7d to 9d, while that increased in the ileum throughout E19 to 9d 
(P<0.05) (Fig. 5 A-E). The density of PAS/AB-positive goblets cells was higher in the ileum 
and lower in the duodenum from E19 to 9d (P<0.05, Fig. 1). In particular, from E19 to 7d the 
number of goblet cells increased 6.3 times in the duodenum, 7.6 times in the jejunum and 9.7 
times in the ileum. 
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Figure 1. PAS and AB positive goblet cells distribution in the small intestine during development. Values 
are means±SEM, n=5, A-DMeans without a common letter at different age are significantly (P<0.05), a-c 
Means without a common letter at same age are significantly (P<0.05). 
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Figure 2. PAS positive goblet cells distribution in the small intestine Values are means±SEM, n=5, 
A-DMeans without a common letter at different age are significantly (P<0.05), a-c Means without a 
common letter at same age are significantly (P<0.05). 
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Figure 3. AB positive goblet cells distribution in the small intestine during development. Values are 
means±SEM, n=5, A-DMeans without a common letter at different age are significantly (P<0.05), a-c 
Means without a common letter at same age are significantly (P<0.05). 
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Figure 4. The ratio of PAS positive goblet cells to AB positive goblet cells in the small intestine during 
development. Values are means±SEM, n=5, A-DMeans without a common letter at different age are 
significantly (P<0.05), a-c Means without a common letter at same age are significantly (P<0.05). 
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Fig. 5. Microphotographs of AB/PAS-positive goblet cells in the small intestine. Red cells were PAS 
positive goblet cells. Blue cells were AB positive goblet cells. (A) duodenum of a 19 days embryo. (B) 
duodenum of a 9 days chick. (C) jejunum of a 19 days embryo. (D) jejunum of a 9 days chick. (E) ileum of 
a 19 days embryo. (F) ileum of a 9 days chick. Bars = 50µm. 
The rate of PAS-positive goblet cells to AB-positive goblet cells increased in the duodenum 
and jejunum from E19 to 7d but it decreased in the duodenum and jejunum from 7d to 9d 
(P<0.05, Fig. 4)., while in the ileum it increased from E19 to hatch and decreased from hatch 
to 2d then increased again from 2d to 9d (P<0.05).   
Argyrophil cells appeared at E18 in the duodenum and jejunum and at hatching in the ileum of 
chick (Fig. 6, Fig. 9- A C E). Argyrophil cells were distributed in the epithelium of villi and 
crypt of the duodenum, jejunum and ileum. All the argyrophil cells showed a dark brown 
colour, and were characterized by secretory granules located in the cell body and in the 
cytoplasmic processes (Fig. Fig. 9- B D F ). 
We found that in the villi the shape of most argyrophil cells was fusiform, triangular and 
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elongated (open-type) (Fig. 10- G-L) while in the villi and crypts the cells were round, oval, 
conical (closed-type) and triangular shaped (Fig. 11- O-R). Fusiform and elongated argyrophil 
cells were dispersed in the epithelia of villi, they had a thin apical process running toward the 
intestinal lumen (Fig. 10-A K L; Fig 11- M N); some of these cells had a basal process 
directed to the lamina propria (Fig. 10-I J H). Argyrophil cells also displayed a triangular 
shape with the narrow end contacting the lumen or lamina propria of crypts (Fig. 10- J L). 
Round, oval and conical argyrophil cells were mainly localised in the crypt (Fig. 11- Q R), 
although scattered cells were also seen in the villi (Fig.11- O P).    
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Figure 6. Argyrophil cell density distribution in the small intestine during development. Values are 
means±SEM, n=5, A-C Means without a common letter at different age are significantly (P<0.05), a-c 
Means without a common letter at same age are significantly (P<0.05) 
The density of argyrophil cells in the intestine during development was portrayed in Figure 6, 
7, 8. The density of agyrophil cells was highest in the duodenum and jejunum at hatch, while 
in the ileum the highest density value was at 2d (P<0.05). At hatching, there were 17.8 
argyrophil cells/mm
2
 in the duodenum, 16.3 argyrophil cells/mm
2
 in the jejunum and 6 
argyrophil cells/mm
2
 in the ileum. After hatch, the density of agyrophil cells decreased 
dramatically in the duodenum, but that decreased slightly in the ileum (P<0.05).  
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Figure 7. Open-type argyrophil cells distribution in the small intestine Values are means±SEM, n=5, 
A-CMeans without a common letter at different age are significantly (P<0.05), a-c Means without a 
common letter at same age are significantly (P<0.05). 
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Figure 8. Closed-type argyrophil cells distribution in the small intestine. Values are means±SEM, n=5, 
A-CMeans without a common letter at different age are significantly (P<0.05), a-c Means without a 
common letter at same age are significantly (P<0.05). 
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Fig. 9. Microphotographs of argyrophilic cells (arrows) on the villi of the small intestine. (A) In the 
duodenum at 18 days embryo. (C) In the jejunum at 18 days embryo. (E) In the ileum at hatch. (B) In the 
duodenum at hatch. (D) In the jejunum at hatch. (F) In the ileum at hatch .Bars = 10 µm. 
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Fig. 10. Microphotographs of argyrophilic cells (arrows) on the villi of the small intestine. (A) In the 
duodenum at 9 days chick. C) In the jejunum at 9 days chick. (E) In the ileum at 9 days chick. (A) (K) (L) 
Open-type argyrophil cells in vilii with cytoplasmic process running towards the lumen. (I) (J) (H) 
Open-type argyrophilic cells with cytoplasmic process ran along the villi lamina propria. Bars = 10 µm. 
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Fig. 11. Microphotographs of argyrophilic cells in the small intestine. (M) (N) Open-type argyrophil cells 
(arrows) in crypt with cytoplasmic process running towards the lumen. (O) (P) Closed-type argyrophilic 
cells (arrows) in the villi. (Q) (R) Closed-type argyrophilic cells (arrows) in the crypt. Bars = 10 µm. 
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Discussion  
Morphology  
The morphological development of the small intestine in chickens plays an important role in 
intestinal function. This study has combined determination of morphological development and 
histological changes in the chick during pre-hatch and posthatch. The results raise the 
possibility that intestinal development may be a rate determining step in growth. Our 
investigations on the intestine growth from E15 to 9d are in line with that formerly reported in 
chicks by Obst and Diamond (1992).   
These results were in agreement with previous studies on avian species which demonstrated 
that intestinal growth is directly proportional to the age-related (Soriano et al., 1993; Wang et 
al., 2008). Furthermore, some researchers have reported that the whole-body growth rates are 
partly determined by the tissue distribution in the gastrointestinal tract (Konarzewski et al., 
1989; Obst and Diamond, 1992).  
Variations occurring in the villi height and width during the development of the small intestine 
have been studied in various animals. Our data concerning the villi height and width, 
summarized in the Table 3 are similar to those described in chicken by Yamauchi and Isshiki 
(1991). Furthermore these authors observed that villi developed to a plate-like shaped in the 
duodenum, a wave-like shape in the jejunum and a tongue-like shape in the ileum at 30 d via 
the common plate-like villi at 10 d. Our findings about villi size were similar to those of 
previous studies (Fry et al., 1962; Holt et al., 1984; Miller et al., 2007; Wang et al., 2008). The 
size of villi was demonstrated to be related to the absorptive function (Yamauchi and Isshiki, 
1991; Yamauchi, 1993) and to be varied with cell mitotic activity of epithelial cells 
(Yamauchi, 1993). Villi height also reported to have significant correlation with the intestinal 
absorptive function in rats (Dowling and Booth, 1967) and to be dependent on the number of 
epithelial cells in chicks (Noda, 1979). These investigations suggest that the villi size and 
height are regarded as a useful index to express the intestinal function. At the starter stage in 
this study, the duodenum had the highest villi, however, up to the post-hatching stage the 
jejunum villi height showed a marked growth rate. These seem to explain that the vigorous 
absorptive part would be mainly in the duodenum in the early life stage and then extends to 
the jejunum with increasing age.  
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We reported that the perimeter and surface area of villi increased in the duodenum, jejunum 
and ileum in later incubation and posthatch, however from E19 to 9d there was a more 
pronounced increase in the jejunum than in the duodenum and ileum, followed by a slower 
and similar elongation in the three segments. This developmental profile has already been 
noted by Doskocil (1967) and Soriano (1993) for chickens and by Baranyiová (1972) for hens. 
The perimeter and surface area of embryo and chick small intestinal villi undergoes important 
changes during development, which may determine, in addition to other non-specific and also 
to specific factors (Ferraris 1994, Mitjans, 1997), the capacity to absorb nutrients. Debnam et 
al (1995) reported that to draw the physiological meaning of these results, the specific 
transport system for the substrate should be considered. Therefore, the present results 
considering total villi surface area constitute only the first step in determining the surface area 
involved in the absorption of a nutrient.  
Poole et al. (2003) demonstrated that in lambs, the crypt depth increases linearly with age and 
is accompanied by an increase in the villus height and width, particularly in the jejunum, 
which contains the largest villi. These researchers considered that the crypt depth may be an 
important factor that determines the ability of the crypt to sustain the increase in the villus 
height and width as well as to maintain the villus structure. In the present study, crypts were 
detectable in the chick small intestine at hatch. Our investigations about the crypt depth, width 
and number per villi were similar to that described by Uni (1996, 1995). These results indicate 
that differential changes among the duodenum, jejunum, and ileum were evident in crypt depth 
and width.  
The crypt is the region where stem cells divide for renewal of the villus; thus, the presence of 
a numerous and large crypt is reflective of fast tissue turnover and a high demand for tissue 
synthesis (Xia et al., 2004). All epithelial cells in the chick intestine are proliferating at hatch, 
and, as crypts develop, proliferation becomes localized mainly to the crypts within 5–8 d, 
although a percentage of villus enterocytes continue to proliferate after this period (Uni et al., 
2000; Geyra et al., 2001a, 2001b). These seem to explain that the vigorous growth crypt size 
and number would contribute to maturate the development of intestine on morphology as well 
as improve the function of intestine in the early life stage.   
The ratio of villi height to crypt depth decreased from hatch to 7d, then increase from 7d to 9d 
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in duodenum, jejunum and ileum. Wang et al. (2008) reported that in broiler chickens, the V:C 
ratio in the duodenum is lower at the age of 42 d than at the age of 22 d; however, age was not 
noted to affect the ratio in the jejunum and ileum. This is not a similar pattern with that of the 
broiler chickens. A possible explanation for this is that the secretory functions differ in 
segments of the intestine in different life stage and breeds. Wu et al. (2004) reported that an 
increase in the V:C ratio is associated with better nutrient absorption, decreased secretion in 
the gastrointestinal tract, improved disease resistance, and faster growth. In this study we 
found the V:C increased from 7days, according to Wu et at (2004) explanation, so we confirm 
that chick had good ability to absorb nutrients around one weeks after hatch. 
These results suggest that each intestinal part shows obvious difference in the morphology and 
that the morphology of intestine has a close correlation with functional activity. However, 
many problems for the relationships of the simultaneously induced morphological alterations 
among each intestinal part still remain to be answered due to lack of detailed whole 
observations of the intestine. 
Histology  
In the Ovambo chick, results show that the number of goblet cells of the small intestine 
increases significantly later incubation and first week after hatch, special in the jejunum and 
ileum. These results confirm the experiment of goblet cells in the broiler small intestine 
accomplished by Uni et al (2003) where the number of the goblet cells per area increased 
slightly in the duodenum with development; however, increases in goblet cell density were 
more rapid in the jejunum and ileum, reaching 50% in the jejunum and 150% in the ileum 
during late incubation and continuing posthatch. Meanwhile, Uni reported that no differences 
in the density of acidic or neutral goblet cells were observed after hatch. But we found that the 
density of acidic and neutral goblet cells increased quickly until 7 days posthatch. The density 
of acidic goblet cells were higher than the density of neutral goblet cells before 2 days 
posthatch, however, the density of neutral goblet cells goblet cells were larger than that of 
acidic goblet cells after 7 days posthatch. This could be explained, as suggested by 
Theodosiou et al. (2007), that the increase in acid mucin in the hatching may be due to either 
to maturation of digestive tract or a larger variety of colonizing bacteria resulting from outside 
in hatched poult. Thus, the presence of acid mucins in early life stages might be of particular 
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importance as an innate defence barrier (Cebra, 1999; Beyaz et al., 2009). Though the 
physiological relevance of distinct mucin subtypes is not well understood, it has been 
suggested that acidic mucins hamper bacterial translocation (Robertson and Wright, 1997). 
Our findings about the density of goblet cells in the three segments at same age support 
previous mention about the conception that along the villi enterocyte proliferation occurred at 
close to hatch and that the migration rate of enterocytes was the highest in the duodenum and 
the lowest in the ileum.  
It has been well established that gastrointestinal endocrine cells consist of two cell types; 
open-type cells, which are in contact with the glandular lumen, and closed-type cells, which 
do not have a luminal connection (Solcia et al., 2000; Wang et al., 2010). In this study, 
closed-type cells, with secretory granules, were round, oval and conical and most of them 
were located in the crypts. Open-type cells were fusiform, triangular and elongated and most 
of them were located on the villi. Our results broadly agree with Fritsch (2008) who reported 
that the broad-based endocrine cells of the gastrointestinal tract were oval, flask-shape and 
rested the base membrane. We observed open-type cells with process that extend in the 
direction of lamina propria in the villi and crypts. This is consistent with the endocrine 
function of the argyrophil cells. The endocrine functions of these cells have been reported by 
many researchers (Cetin, 1992; Bodegas et al., 1997; Fonseca et al., 2002; Rindi et al., 2004; 
Kostiukevich, 2004; Wang et al., 2007). In 1914, Masson attributed an endocrine function to 
some gastrointestinal cells. Feyrter (1938) gave a reinforcement for endocrine concept 
describing the existence of a group of cells stained by silver salts diffusely dispersed 
throughout the gastrointestinal tract. Subsequently Bülbring (1959) using physiological test 
illustrated that scattered argyrophil cells in the intestine secreted hormones which exerted not 
only endocrine actions but also exocrine actions. In our observations, most of open-type cells 
were located on the villi and few in crypts. These cells had a dark brown colour with secretory 
granules in the cell body and in the cytoplasmic processes which extend in direction of lumina. 
These results were similar to that reported by Rindi (2004) and Wang (2010) who described 
fusiform and pyramidal argyrophil cells with processes extending into the gastrovascular 
cavity or acinar lumina to act exocrine function. On the base of the direction of the cell 
processes, our results indicate that agyrophil cells in the intestine of Ovambo chick could have 
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both endocrine and exocrine actions.  
We displayed that from 18E to hatch the density of argyrophil cells was higher in the 
duodenum and jejunum, but after hatch that was higher in the ileum. This data would be 
connected with the rate of maturation of different segments and demonstrated the ability of 
digestion is more powerful in the duodenum and jejunum around hatch (Uni et al., 2003; Ku et 
al., 2005; Wang et al., 2008). Data from our study demonstrated that argyrophil endocrine cells 
were detected throughout the intestine in chick from hatch. Meanwhile the regional 
distribution patterns and the relative frequencies of intestinal argyrophil cells showed 
remarkable differences in different parts of intestinal tract. Our findings about the density of 
argyrophil cells were in line with that reported by Uni et al. (2000, 2003) regarding poultry 
enterocyte proliferation along the villi close to hatch.  
In conclusion, the thickness of intestinal wall and muscle, villi height and width, crypt depth 
and width, the number of goblet cells and endocrine cells on villi changed with increasing age 
during final incubation and first week of life. In particular at around hatch, the villi height and 
the mucosal surface changed dramatically which would influence the nutrients digestion and 
absorption. All theses changes mean that around hatch the presence of diet in the lumen of the 
intestine is vital to the effect and maintenance of gastrointestinal structure and function as well 
as systemic functions. Changes in the intestinal mucosa resulting from luminal dietary 
stimulus, such as those seen from yolk lipid to carbohydrate, result in adaptive responses 
characterized by increased villus height and crypt depth, and crypt cell proliferation and 
enterocyte differentiation as well as changes in enterocyte migration and programmed cell 
death.  
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Chapter 2- Comparison of the small intestinal morphology of two lay hen breeds during 
prehatch and posthatch 
Introduction  
The Ovambo is a kind of breed from South Africa that can easily fly into trees to roost for the 
night or to escape ground predators. These chickens have a variety of colour patterns, which 
assist in camouflaging to protect them from ground predators and are well adapted to diverse 
temperatures and to scavenging for food. They will eat anything from grass seeds, household 
scraps and insects to small rodents. These breeds are well suited for use in rural areas for egg 
and meat production. They get broody and will hatch their own chickens (Fourie and 
Grobbelaar, 2003). 
According to Viljoen (1979), the Leghorn (Livorno) is one of the oldest chicken breeds known 
to humans. This breed originated in Italy and was already well known during the Roman 
Empire. This breed was exported to the United States of America, the United Kingdom and 
Australia early in the nineteenth century. Leghorns are excellent layers of white eggs (around 
280 per year) with a superior feed-to-egg conversion ratio. Leghorns rarely exhibit broodiness 
and are thus well suited for uninterrupted egg laying. The Leghorn is a light breed that matures 
quickly and is not considered a viable meat producer. The Leghorn was solely bred as an egg 
producer and is widely used in cross-breeding to develop new layer hybrids. Leghorns are 
active and efficient foragers. They typically avoid human contact and tend to be nervous and 
flighty. 
The selection for avian domestication has induced many characteristic differences in 
morphology and physiology from wild type of birds. Domesticated chickens showed less 
sensitivity to dietary dilution than jungle fowl (Kare and Mal, 1967). Furthermore, the 
artificial selection of domesticated birds for meat-or layer-types has accelerated the avian 
differences in production ability. The most conspicuous difference between these types is 
thought to be the growth rate, meat-type birds show faster growth rate than layer-type. To 
demonstrate the main cause of the faster growth rate, many gross morphological 
measurements of intestine such as weight, length and area have been carried out (Drobney et 
al., 1984; Moss, 1974, 1983). Recently, several demonstrated that broilers and layer-type 
chickens differed in the food intake regulation. Food intake of layer-type chickens was 
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regulated by the hypothalamus, whereas that in broiler was mainly controlled by the 
gastro-intestinal tract rather than the central nervous system. It was thus of great interest to 
compare the morphology of intestines in heavy-type and light-type breeds within same species  
The morphology and function of the small intestine are known in domestic fowls. In 
comparison gross-anatomical studies on the intestinal length, weight and area in domestic 
fowls, meat-type fowls such as broilers and Pekin ducks had a well-developed large intestine 
from early life stage, while those of White Leghorn were small at 6 weeks old and showed a 
marked increased up to 20 weeks (Isshili et al., 1992). In macroscopic anatomy, the gut of the 
poultry differs relative to body weight (Yamauchi and Ishiki, 1991). In fine structural 
observations, broilers had larger villi than White Leghorn from hatching and the size of the 
intestinal villi in both birds was accomplished within the first 10 days after hatching, in which 
the duodenum had the largest villi followed by the jejunum (Yamauchi et al., 1991).  
Although the growth of lay hens and broiler chickens has been intensively studied and much 
attention has been devoted to the relative amounts of eggs and meat of different breeds, the 
growth of the internal organs of different breeds of lay hens has been of less interest to 
investigators and the gut in particular has been almost entirely barely.  
There are some researchers that reported the different of production and habits between 
Ovambo chicken and Leghorn. However, comparative morphometry studies on the intestine 
between breeds of lay hens are not reported in detail.  
Purpose  
This study will use two breeds (Ovambo is from South Africa and Leghorn is from Italy) to 
compare the morphological difference in small intestine during developments. Using light 
microscope, we identify the difference in the development of the intestine between two breeds 
during pre-hatch and post-hatch. 
Materials and Methods  
The eggs were taken from maternal flock 45 weeks old Ovambo and Leghorn hens. Eggs were 
collected ceaseless 7 days and incubated. Samples were taken at 15 day embryo (15E), 19 day 
embryo (19E), hatch (0), 2 days of after hatch (2d) and 9 days of life (9d). Sample processing, 
measurement and analysis were used the same procedure have been described in previous 
experiment.   
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Results  
Breeds comparison of duodenum, jejunum and ileum wall thickness were presented in Table 7. 
The differences in the thickness of intestinal wall were significant (P<0.05) at E15, E19, 2d 
and 9d in the duodenum and jejunum, but in the ileum the differences were at E19, 2d and 9d. 
In Ovambo, duodenum wall were thicker than Leghorn at E15, E19, 2d and 9d (P<0.05), 
jejunum wall were thicker than Leghorn at E15 and E19 (P<0.05), ileum wall were thicker 
than Leghorn at E19 (P<0.05). After hatch, in Ovambo were thicker jejunum and ileum wall 
than in Leghorn(P<0.05). 
Table 7 The thickness of small intestinal wall  
Age Thickness of intestinal wall (μm)  
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
E15 330.8±56.1B 406.5±99.0 A 262.7±37.8 B 355.6±35.4 A 273.9±291 A 283.8±92.1 A 
E19 318.3±19.68 A 375.3±48.0 A 247.6±39.7 B 321.5±42.4 A 324.6±14.9 B 529.1±84.9 A 
0 397±47.9 A 441.2±16.0 A 320.9±75.5 A 340.4±43.0 A 365.6±59.0 A 392.1±77.9 A 
2d 369.5±16.8 B 432.4±25.0 A 546.8±15.3 A 347.1±43.6 B 608.9±79.2 A 433.4±33.8 B 
9d 357.4±40.1 A 334.2±44.8 A 347.1±48.9 A 258.7±18.6 B 401.6±39.2 A 336.4±24.3 B 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
 
Table 8 The thickness of small intestinal muscle  
Age Thickness of muscle (μm)  
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
E15 113.1±17.7 B 208.5±72.4 A 90.7±18.2 B 136.4±36.3 A 148.5±26.5 A 140.2±33.7 A 
E19 147.8±20.4 A 155.6±28.3 A 178.9±27.4 A 132.9±12.2 B 146.7±17.7 A 149.8±43.5 A 
0 205.2±39.9 A 155.2±57.7 B 147.1±25.2 A 141.5±11.3 A 190.4±17.2 A 156.2±35.4 B 
2d 196.7±19.6 A 172.6±34.0 B 209.2±15.3 A 179.0±19.0 B 293.5±40.3 A 166.9±59.3 B 
9d 173.4±19.3 A 140.4±18.4 B 183.2±37.6 A 143.6±29.9 B 209.6±38.8 A 171.2±15.7 B 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
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The thickness of small intestinal muscle in two breeds was different in three segments at 
different stage (Table. 8). The thickness wall of Leghorn was greater than that of Ovambo in 
the duodenum and ileum from hatch to 9d, and in the jejunum at E19, 2d and 9d(P<0.05), 
though the Leghorn intestinal muscle thinner than Ovambo in the duodenum and jejunum at 
E15 (P<0.05).  
In the Ovambo, the thickness of intestinal wall with villi was greater than Leghorn in the 
duodenum at E19, hatch and 9d, in the jejunum at E15 and hatch, and in the ileum at E19 and 
9d (P<0.05, Table. 9), though it was smaller than Leghorn in the jejunum at 2d and 9d and in 
the ileum at E15 and hatch (P<0.05).   
Table 9 The thickness of small intestinal wall with villi  
Age 
Thickness of intestinal wall with villi (μm) 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
E15 565.5±67.6 A 594.0±103.8 A 456.9±67.7 B 588.3±98.7 A 591.5±33.2 A 485.6±40.7 B 
E19 855.6±36.3 B 1006.4±38.9 A 897.1±84.3 A 872.6±44.8 A 675.7±17.5 B 863.8±89.5 A 
0 1169.8±144.3 B 1351.4±135.9 A 1087.8±75.4 B 1317.6±126.6 A 1033.2±91.6 A 985.9±77.5 B 
2d 2450±277.1 A 2328.7±283.5 A 1858.5±151.5 B 1750.1±195.9 B 1481.4±181.6 A 1441.5±124.8 A 
9d 2563.3±161.9 B 2920.4±111.8 A 2460.4±258.3 A 2329.0±198.6 B 1321.1±241.7 B 1439.8±221.0 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
Table 10 The height of small intestinal villi  
Age 
Height of villi (μm) 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
E15 273.8±31.4 B 222.4±26.6 A 213.5±35.7 A 225.41±35.8 A 174.8±35.6 B 215.0±30.3 A 
E19 438.8±111.7 B 530.5±187.3 A 348.5±79.4 B 405.1±42.9 A 246.9±58.6 B 327.8±45.0 A 
0 793.9±183.0 B 969.4±120.1 A 538.9±97.2 B 848.9±96.6 A 420.7±70.1 B 592.4±60.7 A 
2d 852.5±119.9 B 1670.3±101.4 A 717.6±133.0 B 1207.9±113.1 A 561.3±58.5 B 750.3±81.6 A 
9d 1923.6±238.6 A 1986.6±130.4 A 1262.8±249.5 B 1366.2±228.6 A 826.9±127.6 A 779.9±78.8 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
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In the Ovambo, villi were consistently longer than the Leghorn in the duodenum and ileum 
from E15 through 7d and in the jejunum from E19 through 9d (P<0.05, Table. 10 ), though 
there was no significant in the duodenum and ileum at 9d and in the jejunum at E15. 
The differences in width of villi between two breeds were presented in the Table 11. They 
revealed that the Ovambo had a significantly greater width in the duodenum from hatch 
through 9d and in the jejunum at hatch and 9d (P<0.05) although there was no significant 
difference in ileum from hatch through 9d. 
Table 11 The width of small intestinal villi  
Age 
Width of villi (μm) 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
E15 162.8±57.7 A 106.35±14.8 B 134.0±43.8 A 84.4±11.3 B 149.2±33.8 A 127.9±33.6 A 
E19 124.7±37.8 A 118.78±28.6 A 107.4±23.8 A 88.5±12.9 B 93.4±22.6 A 67.4±8.7 B 
0 204.5±55.8 B 249.99±25.2 A 149.9±35.9 B 192.4±16.6 A 134.0±31.4 A 145.9±50.5 A 
2d 350±64.9 B 397.16±47.4 A 251.7±27.1 A 276.4±113.1 A 227.2±32.5 A 198.3±42.1 A 
9d 385.9±29.1 B 436.01±41.5 A 270.9±67.2 B 313.5±28.6 A 230.3±46.7 A 235.6±57.7 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
Table 12 The perimeter of small intestinal villi  
Age 
Perimeter of villi (μm) 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
E15 601.2±102.6 A 617.7±79.1 A 648.7±124.1 A 644.6±91.1 A 628.5±99.5 A 646.2±108.2 A 
E19 1022.1±255.8 B 1114.2±187.3 A 865.1±98.2 B 966.3±42.9 A 642.5±28.7 B 790.9±83.8 A 
0 1767.9±575.8 B 2045.1±310.43 A 1493.3±307.9 B 2115.5±440.3 A 1151.5±265.3 B 1242.7±252.0 A 
2d 2186.7±303.2 B 3932.7±896.6 A 1622.6±187.5 B 1720.0±663.9 A 1343.2±368.7 A 1385.3±133.8 A 
9d 4207.4±673.5 B 4783.14±1054.8 A 3091.6±328.3 B 3644.1±864.6 A 1961.7±229.5 B 2141.6±320.1 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
The perimeter of villi in the Ovambo were consistently higher than that of the Leghorn in the 
duodenum and jejunum from E19 through 9d and in the ileum at E19, hatch and 9d. (P<0.05, 
Table. 12 ), though there were no significant difference in the duodenum and jejunum at E15 
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and in the ileum at E15 and 2d.  
The surface area of villi between two breeds showed no difference at E15 in the three 
segments and at E19 in the jejunum and ileum, however, it was greater in the Ovambo than 
that in Leghorn from E19 through 9d in the duodenum, from hatch to 9d in the jejunum and 
ileum (P<0.05, Table. 13).  
Table 13 The surface area of villi in small intestine  
Age 
Surface area of villi (μm2) ×103 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
E15 23.9±1.7 A 23.4±2.9 A 19.2±1.2 A 19.2±11.7 A 25.9±7.6 A 28.1±9.6 A 
E19 54.4±2.1 B 61.0±2.1 A 35.1±1.5 A 35.2±3.4 A 23.1±8.3 A 22.3±4.9 A 
0 167.1±71.4 B 243.3±55.5 A 82.7±32.1 B 167.4±6.6 A 55.8±13.6 B 86.3±3.2 A 
2d 297.3±59.4 B 671.9±279.5 A 180.6±38.3 B 335.6±16.1 A 127.3±21.1 B 150.6±75.9 A 
9d 735.2±95.4 B 878.1±320.0 A 343.3±118.6 B 429.7±153.1 A 178.30±37.8 B 185.0±60.8 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
There were variations in the number of crypt between breeds (Table. 14). Crypt was detected 
in small intestine of two breeds at hatch. Leghorn had higher crypt number per villi in the 
duodenum from hatch through 9d (P<0.05), in the jejunum at hatch and and in the ileum at 2d.  
Table 14 The number of crypt per a villi of small intestine  
Age 
Number of crypt 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
0 3.0±0.04 A 1.10± 0.08 B 2.0±0.02 A 1.21±0.11 B 1.1±0.03 A 1.1±0.11 A 
2d 3.0±0.07 A 1.4±0.12 B 2.7±0.12 A 1.32±0.09 B 1.6±0.18 A 1.13±0.23 B 
9d 3.3±0.08 A 2.75±0.54. B 2.5±0.07 A 3.171±0.87 A 2.2±0.29 A 1.96±0.73 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
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Table 15 Depth of crypt in the small intestine  
Age 
Depth of crypt (μm) 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
0 89.0±18.9 A 87.8±5.4 A 69.1±17.6 B 80.5±4.1 A 74.1±33.7 A 73.3±5.3 A 
2d 150.9±18.7 A 152.2±44.3 A 143.1±21.1 A 160.2±39.6 A 120.9±37.7 A 142.1±31.9 A 
9d 244.1±46.5 A 248.2±83.1 A 238.3±29.8 A 221.2±88.4 A 168.8±69.9 A 162.3±39.8 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
There were no significant differences in depth of crypt in small intestine between two breeds, 
except Leghorn had higher crypt depth in the ileum at hatch (P<0.05, Table. 15). The width of 
small intestinal crypt in Ovambo was more width than that in Leghorn in the duodenum at 2d 
and 9d, in the jejunum at 2d although there was no significant difference in the ileum between 
two breeds (Table. 16). 
Table 16 Width of crypt in the small intestine 
Age 
Width of crypt (μm) 
Duodenum Jejunum Ileum 
Leghorn Ovambo Leghorn Ovambo Leghorn Ovambo 
0 61.3±12.3 A 59.2±3.4 A 41.6±2.4 A 47.4±4.0 A 45.1±10.5 A 46.3±4.8 A 
2d 77.0±9.3 B 94.1±11.2 A 76.1±16.6 B 86.8±13.5 A 72.3±14.4 A 77.7±25.1 A 
9d 98.9±29.1 B 132.8±29.1 A 117.8±33.1 A 112.6±27.5 A 92.7±15.7 A 95.1±33.1 A 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
Discussion  
In the fine observations, the Ovambo had larger thickness of intestinal wall and muscle，on 
higher value of villi height, width, perimeter and surface area than that of Leghorn from hatch. 
Moreover the size of villi was accomplished within the first 9 days after hatching, in which the 
duodenum showed the largest villi. These results seem to be in line with that of Isshiki et al 
(1992) who reported that broiler had larger villi than that of Leghorn from hatch to 10 days. 
Intestinal morphological differences among chicken breeds during the posthatch development 
reflect their absorptive functions. Meat-type fowls had an well developed large-sized villi from 
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early life stage, while that of White Leghorn was small at 6 weeks. Although Ovambo chicken 
is an egg-type chicken, which has some characters like that of meat-type chickens. 
In the first week after hatch Leghorn had greater number of the crypt in intestine than that of 
Ovambo chick, however the increasing speed in the number of crypt was slower than that in 
the Ovambo chick. Meanwhile, in Ovambo chick small intestine the width of crypt was larger 
than that in the Leghorn. According to our former experiment result the crypt size is 
accompanied by an increase in the villus height and width. Based on the intestinal 
morphological differences between breeds, we speculated that the development of small 
intestine between the two breeds investigated is different. Ovambo chick has the higher rate in 
the intestinal growing than the Leghorn chick during final incubation and first week of life.  
The present comparative studies suggest that intestinal morphological divergence between 
Leghorn and Ovambo chick is likely due to the different body weight, potential in growth after 
hatch and the character of scavenging for food.  
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Chapter 3- Morphological and histological changes of the small intestine of Muscovy 
ducklings during prehatch and posthatch 
Introduction  
Muscovy ducks (Cairina moschata) are a South American species. The original (wild type) 
coloration is black and white. The males are large, weighing up to twelve pounds, with the 
smaller females reaching only seven. This species normally inhabits forested swamps, lakes, 
streams and nearby grassland and farm crops (Accordi et al., 2006), and often roosts in trees at 
night. Like the Mallard, Muscovy duck does not form stable pairs. They will mate in the water 
or on land, unusual for ducks, which normally mate on the water only. The hen lays 80-120 
white eggs, which are incubated for 35 days (Donkin, 1989). 
The diet of Muscovy duck consists of plant material obtained by grazing or dabbling in 
shallow water, and small fish, amphibians, reptiles, crustaceans, insects, and millipedes. This 
is a somewhat aggressive duck; males often fight over food, territory or mates. The females 
fight with each other less often. The Muscovy duck has been domesticated for centuries, and is 
widely traded as "Barbary duck". They are popular because they have stronger-tasting meat, 
sometimes compared to roasted beef, than the usual domestic ducks which are descendants of 
the Mallard (Anas platyrhynchos). The meat is lean when compared to the fatty meat of 
mallard-derived ducks, its leanness and tenderness being often compared to veal. The carcass 
of a Muscovy duck is also much heavier than most other domestic ducks, which makes it ideal 
for the dinner table. Muscovy duck's liver and gizzard weight are 58 gram and 67 gram, 
respectively, and the length of small intestine, large intestine and caecum are 176 cm, 12 cm 
and 27 cm, respectively (Etuk et al., 2006, Dong and Ogle, 2000). 
In duck, development and growth partly depend on the capacity to digest and assimilate 
nutrients. The small intestine is one part of digestive system play impotent role in nutrient 
digestion and absorption. The rapid development of the small intestine in the prehatch and 
posthatch period is an important process which enables duck to assimilate ingested nutrients. 
Once the duckling hatches, it requires an adaptation period in order to prepare for the 
environmental and dietary challenges it will be exposed to. The digestive system of the 
duckling at hatch is anatomically complete; however its functional capacity is immature. In the 
former study, we reviewed the digestive and absorbing function of intestine could connect 
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with the morphological and histological changes of small intestine in poult. 
Numerous studies in chicks have revealed that the size and the morphology of the small 
intestine are altered during development (King et al., 2000; Wu et al.,2004). In white pekin 
ducks and turkeys, the small intestines of the newly hatched poults undergo maturation and 
considerable morphological changes during the first two weeks posthatch (Applegate et al., 
2005). Even though there are many studies showing that the small intestine of chick and 
duckling is affected by substantial alterations, most of them focus on cell size and on enzymic 
activity in posthatch period. There has been little reported on the intestinal development of 
Muscovy ducklings. Although Trentk et al. (1996) studied the intestine mucosal morphology 
in muscovy duckling, the data about villi height, crypt depth and villi:crypt ratios were not 
clearly illustrated.  
In our former study, we illustrated goblet cells were distribution in the small intestine of chicks 
during development. Positive goblet cells presented on the villi and crypt of the duodenum, 
jejunum and ileums at 19 days of embryo and the density of goblets cells were higher in the 
ileum. But Karcher (2008) reported in duckling (incubation time 28 day) the goblet cells can 
be identified on the surface of the villus at hatch in the ileum, as well as migrating from the 
basal membrane toward the lumen. According to these results, different time of appearing 
goblet cells in small intestine should be due to different species or incubation time.  
The existence and the location of endocrine cell in the gastrointestinal tract of birds had been 
debated (Rawdon and Andrew, 1981: Nascimento et al., 2007; Wang et al., 2010). It was 
demonstrated in the chicken, however, a large number of endocrine cell were present in a 
narrow zone joining the gizzard with the duodenum and in the jejunum and ileum. Yamada et 
al (1986) also demonstrated in the quail that endocrine cells were remarkably concentrated in 
the pyloric region but to a lesser extent in the duodenum, jejunum and ileum. Yamada et al 
further described the ultrastructural differences in endocrine cell among pigeon, quail, gull and 
kite.  
In the Peking ducks endocrine cells were recognized obviously in the cranial part of the 
gizzard, the pyloric region, and the small intestine (Okamoto, 1976). It was previously 
reported histologically that endocrine cells were present all over the gastrointestinal tract, and 
that the frequency of their appearance was the highest in the pyloric region. In this region, five 
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types of endocrine cells have been discriminated by electron microscopical observation 
(Okamoto, 1980).  
Immunohistochemistry is a method of analyzing and identifying cell types based on the 
binding of antibodies to specific components of the cell. It is sometimes referred to as 
immunocytochemistry. This method use extensively to detect the endocrine cells containing 
polypeptide (vasoactive intestinal polypeptide, gastric inhibitory polypeptide, gastrin releasing 
peptide, gastrin, cholecystokinin, secretin, enteroglucagon, somatostatin, substance P et al) in 
gastrointestinal tract (Salvi et at., 1989; Rawdon, 1999).  
The avian gastrointestinal tract contains an array of endocrine-like cells which produce 
serotonin and a range of regulatory peptides, the more important of which are gastrin, 
cholecystokinin, secretin, enteroglucagon, somatostatin, Neuropeptide Y, substance P, motilin, 
pancreatic polypeptide, gastric inhibitory peptide, glucagon-like peptide-1, Pituitary adenylate 
cyclase (Rawdon, 1999). 
Neuropeptide Y (NPY) is one of the most abundantly expressed signaling peptides in the 
central nervous system of vertebrates. It forms a family of related peptides, usually 36 amino 
acids long, together with peptide YY (PYY) in vertebrates and in addition to pancreatic 
polypeptide (PP) in tetrapods (Cerda et al., 2000; Conlon, 2002; Larhammar et al., 2004; 
Conlon et al., 2005). One of the exceptions to the 36-amino acid rule is the chicken PYY 
(PYY), which has an additional alanine residue at the N terminus (Conlon and Harte,1992). 
NPY is involved in a variety of neuronal and endocrine functions, including regulation of 
appetite and circadian rhythm, as well as cardiovascular, reproductive and gastrointestinal 
functions (Pedrazzini., 2003; Michel, 2004). NPY is known as one of the most potent 
endogenous stimulators of feeding in mammals (Lecklin, 2002) in birds (Kuenzel,1987; 
Richardson,1995: Steinman,1987; Boswell,2005). Neuropeptide Y (NPY) immunoreactivity 
was demonstrated in neuronal elements in the gut and pancreas of the rat but immunoreactive 
endocrine cells could not be detected. The occurrence of NPY containing nerve-cell bodies in 
the submucosal and myenteric ganglia indicates an intrinsic origin of the NPY fibers. 
However, an additional extrinsic supply of NPY fibers is suggested by the finding that 
abdominal sympathectomy caused the disappearance of some NPY fibers, notably those 
around blood vessels. The distribution of NPY fibers in all layers of the gut wall suggests 
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multiple functions of NPY, including a role in the regulation of intramural neuronal activities, 
smooth muscle tone, and local blood flow (Sundler, 1983).  
Pancreatic polypeptide originally isolated in 1968 during the preparation of chicken insulin. 
PP is the founding member of the pancreatic polypeptide family (Kimmel, 1968, 1975). PP is a 
36-amino-acid secretory peptide that is predominantly produced by the pancreas. The exact 
physiologic role of PP in healthy individuals has not been fully defined. The role of PP in 
appetite regulation has been investigated, however, since the 1970s. PP inhibits pancreatic 
secretion of enzymes, bicarbonate, and water, and may play a role in negative feedback control 
of pancreas through its inhibitory action on vagal acetylcholine release. PP increases the tonic 
contraction of lower esophageal sphincter pressure, both indirectly through intrinsic 
cholinergic neurons and directly on the smooth muscle of sphincter.  
PP may improve gallbladder filling during the interdigestive period by relaxing the 
gallbladder. Malaisse-Lagae (1977) noted that mice lacked pancreatic PP-producing cells and 
demonstrated that twice-daily intraperitoneal administration of bovine PP suppressed appetite 
and body weight in these mice. Subsequently, it was demonstrated that obese rodents were less 
sensitive to the anorectic actions of PP. More recently, a comprehensive study by Asakawa 
(2003) examined the actions of peripherally administered physiological doses of PP in mice. 
PP produced a rapid and prolonged reduction in food intake, acting within 20 min of 
administration and persisting for 24 h. In addition, PP stimulated sympathetic activity and 
oxygen consumption, suggesting an increase in energy expenditure. These doses were 
associated with increased vagal activity and delayed gastric emptying.  
PP is primarily expressed in the endocrine cells of the pancreas, particularly those in the 
duodenal portion. Here, PP-immunoreactive cells form about 10% of endocrine cell 
population. The cells are found at the periphery of the islets, adjacent to somatostatin and 
glucagon immunoreactive cells. PP cells are also found elsewhere in small numbers, in the 
exocrine pancreas and in the gastrointestinal tract (mainly in the colon and rectum in humans), 
and PP immunoreactivity has also been reported in the rat adrenal medulla (Ekblad and 
Sundler, 2002). Although PP is predominantly associated with endocrine cells scattered in the 
exocrine parenchyma of the panrenchyma of the pancreas (Rawdon and Andrew, 1979), 
endocrine cells containing a PP-like peptides have been detected in chicken gut. Indications 
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are that PP itself acts to control digestive function in the chicken and may also have a 
metabolic role (Epple and Brinn, 1987).  
Gastric inhibitory peptide (GIP) is a molecule of 42 amino acids originally isolated from the 
small intestine of the pig (Browna and Mutt, 1970). It is a duodenal peptide named for its 
ability to inhabit gastric acid secretion, but its most potent effect are its ability to release 
insulin and its strong insulin-like effects on adipose tissue and liver (Brown et al. 1975). GIP 
affects carbohydrate metabolism, inhibiting glucagons-stimulation hepatic glycogenolysis and 
reducing hepatic glucose production. It has been suggested that GIP may facilitate the rapid 
secretion of glucagons-like peptide from the intestine and has action in adipose tissue, 
although GIP may also influence fatty acid synthesis directly by acting on adipocytes and fat 
metabolism (Ebert and Creutzfeldt, 1982). The primary site of endogenous GIP release is the 
endocrine K-cells dispersed throughout the mucosa of the duodenum and proximal jejunum. 
The ontogeny and distribution of immunoreactive gastric inhibitory polypeptide (IR-GIP) has 
been studied in the rat duodenum and jejunoileum between day 20post-coitum and day 
150post-partum by radioimmunoassay following tissue extraction. The GIP content increased 
during the whole period investigated and a peak of concentration was observed in the first 
post-natal week in both the duodenum and jejunoileum. The highest GIP concentration was 
found in the duodenum and in the proximal jejunum, indicating that the upper small intestine 
is the major site of GIP storage. Ontogeny of GIP further supports the concept that this 
hormone is involved in the endocrine regulation of metabolism and suggests that this 
regulatory process takes place at an early stage of rat development (Gespach, 1979). Also 
O'Dorisio (1976) reported that the highest GIP concentrations were found in the duodenum 
and jejunum of dog. Leduque (1982) demonstrated the appearance and distribution of the 
gastric inhibitory peptide (GIP) were examined in the gastro-entero-pancreatic system of 
human foetuses, aged 5–24 weeks, by immunocytochemistry or radioimmunoassay. The first 
immunoreactive cells were observed in the gut from 16 weeks of gestation. The 
GIP-containing cells were localized preferentially in the villous epithelium of the small 
intestine. In the radioimmunoassay, the highest concentrations of immunoreactive GIP were 
detected in the duodenum, medium was detected in the jejuno-ileum (Leduque, 1982).  
Glucagon-like peptide-1(GLP-1) is identified as an “incretin hormone” with potent 
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insulin-releasing activity, and much attention has been paid to the potential therapeutic aspects 
of GLP-1. In addition to the insulin-releasing activity this hormone has important biological 
actions, such as reduction of food intake (Furuse et al., 1997) and deceleration of gastric 
emptying (Nauck, 1998, Schirra et al., 1996). GLP-1 is a product of the proglucagon gene and 
secreted by L cells in the intestine (Damholt et al., 1999; Nauck, 1998). In mammals, 
immunohistochemical studies have shown that immunoreactive cells against GLP-1 antiserum 
are distributed in the whole intestine (Kauth and Metz, 1987; Fridolf et al., 1991; Eissele et al., 
1992 ; Damholt et al., 1999). Most cells showing immunoreactivity for enteroglucagon (EG), 
which seems to be co-stored with GLP-1 in the same secretory granules of L cells (Varndell, 
1985), were located in the mammalian colon and rectum (Calingasan et al., 1984; 
Agungpriyono et al., 1994). On the other hand, immunoreactive cells are differently 
distributed in the intestine of avian species. For example, they are located in the upper 
alimentary tract in chicken (Rawdon, 1984; Yamanaka et al., 1989) and ostrich (Bezuidenhout 
and Van Aswegen, 1990). GLP-1 immunoreactive cells were observed only in the small 
intestine of two avian species, chicken and ostrich (Hiramatsu et al., 2003). This finding 
suggests the important role of GLP-1 in the chicken small intestine. More detailed study on the 
distribution of endocrine cells containing GLP-1 is, however, needed to understand the role of 
this hormone in the control of the intestinal motility. 
Gastrin releasing peptide (GRP) was first isolated from non-antral mucosa of the pig stomach 
as a twenty-seven amino acid peptide (Mcdonald et al., 1978, 1979). Subsequently, GRP was 
purified from canine small intestine in three molecular forms of twenty-seven, twenty-three 
and ten residues (Reeve et al., 1983). In mammals GRP is localized exclusively to neurones 
and is regarded as a putative neurotransmitter. The myenteric plexus and mucosa of the 
stomach and intestines are heavily innervated (Dockray, 1979). GRP is a powerful stimulant 
for releasing gastrin and gastric acid, which is clearly shown by the inhibition of gastric 
secretion resulting from the administration of antiserum against bombesin. GRP also release 
an inhibitor of gastric acid secretion which is probably somatostatin, so that the final amount 
of acid secreted is a balance between the stimulatory and inhibitory effects of these 
neuro-peptides (Schubert and Hightower, 1989). Meanwhile, GRP suppress NaCl intake 
(Flynn, 1996) and excite the release of several other neuropeptides, such as CCK, gastrin, 
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somatostatin, pancreatic glucagons, and GIP. GRP inhibits the release of GH and PRL by 
dopaminergic mechanisms that involve increased somatostatin secretion in the hypothalamus 
and depress of PRL release from pitnitary (Kentroti and Mccann, 1996). 
Pituitary adenylate cyclase activating peptide (PACAP) is a glucagon/vasoactive intestinal 
peptide (VIP)/secretin family peptide. It was originally isolated from the ovine hypothalamus 
and found to exist as two forms with 27- amino-acid (PACAP-27) and 38-amino-acid 
(PACAP-38) residues (Miyata et al., 1989；1990), both derived from a 176-amino-acid 
precursor (Kimura et al., 1990). 
Structurally, PACAP is a member of the secretin/glucagon/vasoactive intestinal polypeptide 
(VIP) family that includes: peptide histidine isoleucine, peptide histidine methionine, 
glucose-dependent insulinotropic polypeptide (GIP), gastric inhibitory peptide VIA, 
glucagon-like peptide-1 (GLP-1), glucagon-like peptide-2, growth hormone-releasing 
hormone (GHRH), helospectin and helodermin (Campbell and Scanes, 1992). The sequence of 
PACAP has been highly conserved during evolution (Vaudry et al., 2000). In particular, the 
sequences of chicken and frog PACAP-38 only differ by one amino acid substitution from 
their mammalian counterpart (Alexandre et al., 2000: Chartrel et al., 1991: McRory et al., 
1997). PACAP is largely expressed in the central nervous system and in peripheral organs 
including several non-neuronal tissues; it is therefore considered as a ubiquitous chemical 
messenger with a vast range of biological effects (Vaudry et al., 2000). Both PACAPs exert 
their biological activity by binding to three different types of receptors (Harmar and Lutz, 
1994): the PAC1, VPAC1 and VPAC2. The PAC1 receptor binds to PACAP with a much 
higher affinity than to VIP, whereas the VPAC1 and VPAC2 receptors bind to PACAP and VIP 
with similar affinities. In birds, PACAP immunoreactivity has been observed in the digestive 
system, where it has been found to be co-localized with substance P (SP) and VIP (Sundler et 
al., 1992), in the brain (Peeters et al., 1999), in neurons and fibers of the enteric nervous 
system, in endocrine cells, in immune cells (Mirabella et al., 2002; Squillacioti et al., 2006), 
and in a number of other tissues (McRory et al., 1997; Yoo et al., 1982). Moreover, PAC1 
receptors have been found to be expressed in the chicken brain, gonads, pituitary and adrenal 
glands, intestine, pancreas, lung, heart and kidney, which indicate that PACAP may affect a 
variety of functions both in the avian brain and peripheral tissues (Peeters et al., 1999). 
Chapter 3- Morphological and histological changes of the small intestine of Muscovy ducklings 
48 
PACAP immunoreactivity is widely distributed in the gastrointestinal tract of Rat, fish, cat, 
human, ovine, hens (Uddman et al. 1991; Sundler et al. 1992; Köves et al. 1993; Ny et al. 
1995; Olsson and Holmgren 1994; Nagahama et al. 1998).  
Though there were many studies on the Avian digestive tract shows remarkable differences in 
function, morphology and histology, we have not found information concering the anatomic 
description of the small intestine in Muscovy duckling during prehatch and posthatch.  
Purpose 
In the present study the objectives of investigation were: 1. The morphology and histology of 
the small intestine in prehatch and posthatch period of muscovy ducklings was investigated 
using light microscopy. In particular, villi height, crypt depth and villi:crypt ratios, as well as 
the number of goblet cells and endocrine cells parameters, were measured and statistically 
analysed. These parameters allow to characterise the small intestinal morphology and 
histology from the functional point of view and to understand its capacity to absorb nutrients. 
2. Give a contribute to the knowledge on the localization of Neuropeptide Y, Pancreatic 
polypeptide, Gastric inhibitory peptide, Glucagon-like peptide-1, Gastrin releasing peptide and 
Pituitary adenylate cyclase activating peptide in the small intestine of Muscovy duckling, 
which should create better understanding in the functional role of endocrine cell in the small 
intestine water fowls.  
Materials and Methods  
Birds and tissue preparations     
A total of 50 female and 10 male Muscovy ducks were randomly assigned to 5 replicates, each 
of which had 10 females and 2 males. All ducks were raised in open air pens (6m x 3m) with a 
roof and a concreted floor and with ad libitum access to feed and water. The ducks mated 
naturally and the eggs were collected daily. Eggs were collected for 7 consecutive days, and 
then incubated and hatched so that the progeny was identified according to replicate.  
Morphometry 
Sample processing and stain (Hematoxylin and eosin) are the same that of the former study on 
Ovambo chick. 
 
Histochemistry  
Chapter 3- Morphological and histological changes of the small intestine of Muscovy ducklings 
49 
Sample processing and stain (Alcian blue (AB) pH 2.5 + Schiff reagent (PAS), Grimelius) are 
the same that of the former study on Ovambo chick. 
Immunohistochemystry  
Birds and tissue preparations  
Muscovy ducklings were used in the present study. We took the sample embryo at 24 days 
(E24) and 30 days (E30), and the duckling at hatch, 2 days and 9 days of life (0, 2d and 9d). 5 
samples were taken every stage. The gastroenteric tract were quickly removed, washed by 
physiological solution and sectioned in small samples of the following segments: duodenum 
with pancreas, jejunum and ileum. The tissues were immediately fixed in phosphated-buffered 
saline (PBS, pH 7.4) with 4% paraformaldehyde for two hours. After several washings in PBS, 
they were cryoprotected in a solution of 30% sucrose in PBS, frozen and stored at -30 C°. 
Serial coronal sections (15 µm thick) were obtained with a cryomicrotome and mounted on 
gelatine-coated slides.  
Immunocytochemical procedure  
Immunocytochemical staining was performed using an avidinbiotin-horseradish peroxidase 
indirect method employing the following polyclonal antiserum: rabbit anti-NPY (porcine) 
(IHC7172, Peninsula Lab., Inc.), rabbit anti-Gastrin Releasing Peptide (porcine) (IHC7188, 
Peninsula Lab., Inc.), rabbit polyclonal to GIP (ab22624., abcam), rabbit polyclonal to 
GLP-1(ab22625., abcam), rabbit anti-PACAP-38 (ovine) (IHC8920, Peninsula Lab., Inc.), 
rabbit anti-pancreatic polypeptide (avian) serm (IHC 7194., Peninsula Lab., Inc. )  
In short, sections were rinsed in PBS and incubated in 1% H2O2-PBS for 10 min. Sections 
were then pre-incubated in 5% normal goat serum (NGS) (Vector Lab., Peterborough, UK) in 
PBS with 0.3% Triton X-100 (TX) (Sigma-Aldrich, St Louis, MO, USA) to reduce non-pecific 
staining. Sections were incubated overnight in a humid chamber at 4 C° in primary polyclonal 
antiserum diluted 1:800 in PBS with 0.3% TX and 1% NGS. After several washing in PBS, 
the sections were incubated for 1 h at room temperature in biotinylated goat anti-rabbit 
immunoglobulins (Vector Lab.) diluted 1:300 in PBS. Sections were washed for 3x10 min in 
PBS and then incubated for 1 h at room temperature in avidin-biotin-horseradish peroxidase 
complex (Vector Lab.) diluted 1:125 in PBS. After washing for 3x10 min in Tris/HCl (pH 7.6), 
peroxidase activity was detected by incubation in a solution of 0.125 mg/ml diaminobenzidine 
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(Sigma-Aldrich) and 0.1% H2O2 in the same buffer for 10 min.  
The specificity of the immunohistochemical staining reaction was tested in repeated trials as 
follows: (1) substitution of either the antibody or the anti-rabbit IgG, or the ABC complex by 
PBS or non immune serum (negative controls). Finally, sections were examined with a light 
microscope (Leits, Diaplan) equipped with a Nikon digital camera. 
Measurement and analysis 
Measurements and analysis are the same that of the former study on Ovambo chick. 
Result  
Morphology  
Table 17. Diameter and muscle thickness development of the small intestine of embryos and 
ducklings at different ages 
Age 
Diameter of intestine (mm) Muscle thickness(μm) 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E24 0.96±o.12d 0.70±0.03d 0.61±0.05d 81.4±15.26c 66.1±6.98d 67.8±8.23b 
E30 1.13±0.07d 0.90±0.01d 1.00±0.01d 95.9±11.21bc 82.4±10.91cd 79.0±5.72b 
0 1.71±0.10c 1.37±0.20c 1.52±0.13c 101.1±8.89b 84.1±2.62bcd 80.1±4.92b 
2d 2.68±0.21b 1.78±0.14b 1.84±0.08c 110.4±1.93ab 99.1±16.02abc 68.6±11.97b 
9d 2.85±1.39b 2.64±0.17a 2.46±0.48b 110.41±12.40ab 118.42±9.76a 99.48±15.89a 
13d 3.43±0.90a 2.78±0.34a 3.32±0.45a 124.23±0.82a 104.15±14.91ab 106.65±10.25a 
a,bMeans within columns with different superscript letters are different (P <0.05). 
Parameters describing the increasing muscle diameter and thickness during development are 
presented in Table 17. The diameter of the small intestine increased rapidly in the duodenum 
from E30 to 2d, in the jejunum from E30 to 9d and in the ileum from E30 to hatch and from 
2d to 13d (P<0.05). From 2d to 9d the muscle thickness of the intestine increased slightly in 
the duodenum and jejunum (P>0.05), however, substantial increases took place in the ileum 
(P<0.05). 
 
 
Table 18. Villi height and width development in the small intestine of embryos and ducklings 
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at different ages 
Age 
Height (μm) Width (μm) 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E24 111.5±20.91d 102.8±9.48d 70.9±5.66e 52.0±16.39d 53.4±10.96b 38.3±5.50c 
E30 136.1±23.20d 130.6±22.53d 113.3±20.97d 48.2±8.71c 44.2±11.86b 41.5±15.61c 
0 238.3±65.99c 228.4±63.12c 162.5±16.50c 67.4±21.04c 53.1±10.75b 72.9±22.07b 
2d 266.7±34.18c 260.2±65.81c 223.9±42.80b 86.7±16.28b 64.5±17.17b 66.0±14.97b 
9d 488.7±68.12b 404.1±81.44b 408.6±34.41a 125.2±27.82a 121.9±31.09a 114.2±27.80a 
13d 646.6±91.35a 504.0±48.77a 424.3±49.34a 134.0±38.18a 134.6±47.95a 123.7±28.87a 
a,bMeans within columns with different superscript letters are different (P <0.05). 
The height of small intestinal villi (Table. 18) significantly increased with age (P<0.05). From 
E30 to hatching, the height of villi increased by 75%, 75% and 43% in the duodenum, jejunum 
and ileum, respectively (P<0.05). Moreover, from 2d to 9d, the height of the villi increased by 
83%, 55% and 82% in the duodenum, jejunum and ileum respectively (P<0.05). The 
differences in villi width were significant (Table. 18) from E24 to E30, from hatching to 2d, 
and from 2d to 9d (P<0.05) in duodenum, from 2d to 9d in jejunum, and from E30 to hatching 
and from 2d to 9d (P<0.05) in ileum.  
Table 19. Villi number and perimeter development in the small intestine  
Age 
The number of Villi Villi perimeter (μm) 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E24 58..6±6.11ab 42.6±6.43ab 54.6±8.73c 330.1±66.06d 324.2±37.54d 223.4±18.45d 
E30 55.0±9.53ab 41.0±3.61ab 59..3±2.51c 347.3±48.75d 337.3±46.2d 289.0±56.40d 
0 60.3±11.23ab 45.3±4.04 a 58.6±5.51a 573.1±141.9c 524.2±95.02c 435.4±39.75c 
2d 79.3±31.18a 51±9.53a 61.3±7.63a 654.8±64.8c 622.2±115.6c 560.9±115.5b 
9d 46.3±7.63bc 33.0±8.89 b 52.3±8.38b 1,131±152.3b 977.6±216.2b 1,028±103.5a 
13d 25.6±6.65 c 17.6±2.08c 27.0±1.00b 1,544±136.6a 1,267±315a 1,026±120.5a 
a,bMeans within columns with different superscript letters are different (P <0.05). 
In the three segments the number of villi slightly increased from E24 to 2d (P>0.05 Table. 19), 
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but there was a rapid decrease from 2d to 13d (P<0.05). The number of villi reached its peak at 
2d in all the three segments of the small intestine. There were significant differences in the 
villi perimeter of duodenum and jejunum (Table. 19) between E30 and hatching, between 2d 
and 9d, and between 9d and 13d (P<0.05). Differences in villi perimeter in the ileum were 
observed only between E30 and hatching and between 2d and 9d (P<0.05).  
Table 20. Crypt depth and width development in the small intestine of embryos and ducklings 
at different ages 
Age 
Crypt depth (μm) Crypt width (μm) 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E30 26.2±4.07c 41.2±11.66cd -- 17.6±5.04c 25.4±1.29b -- 
0 36.9±1.13c 36.9±1.13d 41.4±5.61b 17.8±4.27c 17.8±4.27c 24.6±3.15b 
2d 59.4±3.01b 52.9±8.94bc 45.8±2.48ab 31.6±9.03b 29.5±4.92b 29.4±3.88a 
9d 81.5±10.28a 65.7±8.01ab 55.1±11.72a 35.8±3.67ab 37.6±3.74a 33.9±2.66a 
13d 80.8±10.61a 74.2±9.56a 51.9±6.64ab 42.2±4.15a 41.6±5.44a 34.1±3.14a 
a,bMeans within columns with different superscript letters are different (P <0.05). 
Table 21. Crypt number and villi height:crypt depth development in the small intestine of 
embryos and ducklings at different ages 
Age 
The number of crept Villi height:crypt depth 
Duodenum Jejunum Ileum Duodenum Jejunum Ileum 
E30 38.6±5.85c 31.7±7.37c -- 6.60±2.62ab 3.36±1.42c -- 
0 111.6±25.93b 88.2±21.59b 77.3±13.58d 7.70±1.32a 8.01±3.34a 4.26±o.48b 
2d 137.3±16.04b 102.0±6.93b 105.7±3.21c 5.05±0.81b 4.26±1.62bc 5.27±1.74b 
9d 180.4±23.86a 161.5±10.79a 146.0±1.23b 6.64±0.85ab 7.42±1.33ab 7.42±1.33a 
13d 206.3±8.62a 186.0±27.51a 181.2±7.37a 7.37±1.05ab 7.96±1.81a 7.80±0.76a 
a,bMeans within columns with different superscript letters are different (P <0.05). 
The differences in crypt depth and width of small intestine according to age are shown in 
Table 20. Crypts were not detected at E24 in the whole small intestine and at E30 in the ileum. 
Increases in crypt depths were significantly affected by age between hatching and 2d, between 
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2d and 9d in the duodenum and between hatching and 2d in the jejunum (P<0.05). Crypt depth 
did not significantly differ with age, even if it tended to increase in the ileum from hatching to 
13d. Crypt width increased significantly from hatching to 2d in all the three segments 
(P<0.05). The crypt number and the V:C ratio are presented in Table 21. The number of crypts 
increased significantly in the duodenum and in the jejunum from E30 to hatching and from 2d 
to 9d (P<0.05). In the ileum the number of crypts displayed a sharp increase from hatching to 
13d (P<0.05). In the duodenum and in the jejunum the V:C ratio peaked at hatching, and 
decreased from hatching to 2d (P<0.05), however there was a tendency to increase in the 2d to 
13d period (P>0.05). V:C ratio in the ileum increased significantly (P<0.05) from 2d to 13d. 
Histology  
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Figure 12. PAS-positive goblet cells distribution in the small intestine during development. Values are 
means±SEM, n=5, A-EMeans without a common letter at different age are significantly (P<0.05), a-c 
Means without a common letter at same age are significantly (P<0.05). 
PAS/AB-positive goblet cells appeared (Figs. 15) in the villi and crypts of the duodenum and 
jejunum at 30E, and in the ileum at hatching (Figs. 12, 13). At hatching, the density of 
PAS/AB -positive cells was the highest in the three segments. From 2d to 9d, the density of 
PAS/AB -positive cells was significantly decreased in the duodenum and jejunum, however 
the density of the AB/PAS -positive cells was significantly decreased in the ileum from 
hatching to 2d. At hatching, 9d and 13d the highest density of AB/PAS-positive cells presented 
in the ileum, however the lowest appeared in the duodenum (P<0.05). 
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Figure 13. AB-positive goblet cells distribution in the small intestine. Values are means±SEM, n=5, 
A-EMeans without a common letter at different age are significantly (P<0.05), a-c Means without a 
common letter at same age are significantly (P<0.05). 
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Figure 14. The rate of AB-positive goblet cells to PAS-positive goblet cells in the small intestine. Values are 
means±SEM, n=5, A-EMeans without a common letter at different age are significantly (P<0.05), a-c 
Means without a common letter at same age are significantly (P<0.05). 
Although the AB-positive cells, compared with the PAS-positive cells, predominated in villi 
and crypts of the three segments, the rate of AB-positive cells to PAS-positive cells significant 
decreased from 30E to 9d (P<0.05) with the exception of the jejunum from hatching to 2d 
(Fig. 14). 
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Fig. 15. Microphotographs of AB/PAS-positive goblet cells in the small intestine. Red cells were PAS 
positive goblet cells. Blue cells were AB positive goblet cells. (A) duodenum of a 30 days embryo. (B) 
duodenum of a 9 days duckling. (C) jejunum of a 30 days embryo. (D) jejunum of a 9 days duckling. (E) 
ileum of a 30 days embryo. (F) ileum of a 9 days duckling. Bars = 50µm. 
Argyrophil cells  
Argyrophil cells were detected at 24E in the jejunum, at 30E in the ileum and at hatching in 
the duodenum (Fig. 16). Argyrophil cells were distributed in the epithelium of villi and crypt 
of the duodenum, jejunum and ileum. All the argyrophil cells showed a dark brown color, and 
were characterized by secretory granules located in the cell body and in the cytoplasmic 
processes (Fig. 18). 
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Figure 16. Argyrophil cell density distribution in the small intestine during development. Values are 
means±SEM, n=5, A-E Means without a common letter at different age are significantly (P<0.05), a-c 
Means without a common letter at same age are significantly (P<0.05). 
We found that in the villi, the shape of most argyrophil cells was fusiform, triangular and 
elongated (open-type) (Fig. 18, A-D) while in the crypts the cells were round, oval, conical 
(closed-type) and triangular shaped (Fig. 18, E-F). Fusiform and elongated argyrophil cells 
were dispersed in the epithelia of villi, they had a thin apical process running toward the 
intestinal lumen (Fig. 18, D); some of these cells had a basal process directed to the lamina 
propria (Fig. 18, B). Argyrophil cells also displayed a triangular shape with the narrow end 
contacting the lumen or lamina propria of crypts (Fig. 18, A C). Round, oval and conical 
argyrophil cells, were mainly localized in the crypts (Fig. 18, E), although scattered cells were 
also seen in the villi (Fig. 18, F).    
The density of argyrophil cells in the intestine during development is shown in Figure 16. The 
density of agyrophil cells was highest in the duodenum at hatching, while in the jejunum and 
in the ileum the highest density value was at hatching and 13d (P<0.05). At hatching and 13d, 
the argyrophil cell density was 15.32±2.02, 12.715±3.95 cells/mm2 in the duodenum 
36.6±12.3, 30.29±12.98 cells/mm2 in the jejunum and 39.33±1.31, 39.87±1.58 cells/mm2 in 
the ileum, respectively. In the jejunum and ileum the density of argyrophil cells was higher 
than that in duodenum (P<0.05). In the three segments, the density of open-type argyrophil 
cells changed from 24E to 13d with two peaks, one at hatching and one at 13d (P<0.05) 
(Fig.17).  
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Figure 17. Open-type argyrophil cells distribution in the small intestine during development. Values are 
means±SEM, n=5, A-EMeans without a common letter at different age are significantly (P<0.05), a-c 
Means without a common letter at same age are significantly (P<0.05). 
 
Fig. 18. Microphotographs of argyrophilic cells in the small intestine. (A) Open-type argyrophil cells 
(arrows) in crypt with cytoplasmic process running towards the lumen. (B) Open-type argyrophilic cells 
(arrows) with cytoplasmic process ran along the villi lamina propria. (C) Open-type argyrophilic cells 
(arrows) in the crypt with cytoplasmic processes running in direction opposite to the lumen. (D) Open-type 
argyrophilic cells (arrows) with cytoplasmic process running towards the villi lumen. (E) Closed-type 
argyrophilic cells (arrows) in the crypt. (F) Closed-type argyrophilic cells (arrows) in the villi. Bars = 10µm. 
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At hatching, open-type argyrophil cells were more numerous in the ileum than in the 
duodenum and jejunum, while at 13 d they were more abundant in the ileum and jejunum than 
in the duodenum (P<0.05). 
Immunoreactive endocrine cells 
The localisation and distribution of neuropeptide Y immunoreactivity were studied in small 
intestine and pancreas. Throughout the small intestine, NPY immunoreactive endocrine cells 
was detected (Table. 22, Fig. 19, 20 ), while positive cells were presented in the pancreas from 
E24 (Figure 20 ). Immunoreactive cell (IC) bodies and nonvaricose processes were seen in 
islet of pancreas and in the small intestine epithelium (Fig. 20 K-L). NPY-IC were intensely 
labeled, single or grouped in small groups at E24 (Table. 22). Later they became progressively 
more numerous. With pancreas development, islets become better defined and NPY-IC 
appeared mostly localized in the core of small and mixed islets (Figs. 20 K-L). After hatch 
NPY-IC dramatically decreased. A scarce supply of varicose fibres was found in the lamina 
propria mucosae, muscularis mucosae and longitudinal muscle layer. Most of the 
immunoreative cells presented opened type cells with processes contain granule in villi, 
however, a few closed type cells distributed in the crypt.  
Table 22. The density of NPY and PP of small intestine  
Age The density of NPY (mm
2
) The density of PP (mm
2
) 
Duodenum p Duodenum d Jejunum Ileum Duodenum p Duodenum d Jejunum Ileum 
E24 36.8±10.2Cb 22.0±3.5 Dc 58.9±11.3 Ca 13.1±2.8 Ec -- -- -- -- 
E30 78.2±17.1 Bc 30.6±5.3 CDd 236.9±6.6 Ba 165.3±19.8 Cb 8.3±2.9 Cc 19.6±4.4 Ab 27.6±3.6 BCa -- 
0 183.8±10.9 Ac 175.9±14.9 Ac 373.4±13.7 Aa 407.1±14.5 Ba 11.9±0.7 Bb 8.5±0.8 Bb 28.7±13.7 ABa 19.7±2.7 Ab 
2d 93.7±12.6 Bc 56.1±3.2 Bc 368.6±105.1Ab 482.4±40.1 Aa 19.1±1.9 Ab 8.8±1.1 Bc 34.3±7.1 Aa 21.5±5.8 Ab 
9d 53.8±9.5 Cc 40.6±2.5 Cd 218.2±9.8 Ba 122.9±4.18 Db 10.6±2.2 BCb 9.1±0.9 Bbc 21.9±2.3 Ca 6.9±0.8 Bc 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows with different superscript lower 
case letters are different (P <0.05). 
The density of NPY immunoreactive cells was high in the small intestine at hatch. That 
increased from E24 to hatch and decreased from hatch to 9 d (P<0.05), except that was in the 
ileum where appeared peak at 2d (P<0.05). At E30 and 9d, the number of NPY positive cells 
decreased according to the sequence jejunum, ileum, duodenum proximal and duodenum 
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distal. While at hatch and 2d it decreased follow the ileum, jejunum, proximal duodenum, to 
distal duodenum (P<0.05). 
 
 
Figure 19 (A–F) Photomicrographs illustrating the distribution of NPY immunoreactivity on villi (arrow) at 
hatch in the duodenum (A), jejunum (B), and ileum (C) and at 9 days of after hatch in the duodenum 
(D),jejunum (E), and ileum (F). Scale bar =10µm.. 
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Figure 20 (G-L) Photomicrographs illustrating the distribution of NPY immunoreactivity on crypt (arrow) 
at hatch in the duodenum (G) and jejunum (H), and at 9 days of after hatch in the duodenum (I) and jejunum 
(J), scale bar =10µm, and in pancreas (arrow)at hatch (K) and 9 days after hatch (L), scale bar=50µm.   
PP cells were observed in the pancreas from E24 (Fig. 22, K-L), in the duodenum and jejunum 
from E30 and in the ileum from hatch (Table. 22; Fig. 21, A-F ; Fig.22, G-J ). PP cells were 
usually dotted at the periphery of islets, but sometimes gathered to form a peripheral layer or 
clusters in the islets (Fig. 22, K-L). With the development of pancreas, the number of PP cells 
increased and climbed the peak around hatch and posthatch 2d. Spindle and pear shaped 
PP-immunoreactive cells with long cytoplasmic process were observed in the inter-epithelial 
cell regions of the basal portion of the epithelial in the villi of the duodenum, jejunum and 
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ileum and occasionally round to spherical shaped cells were also demonstrated in the villi of 
small intestine (Fig. 21, A-F ). However, most of the round and spherical shaped cells were 
presented in the crypt (Fig. 22, G-J). The density of the PP cells presented the peak in the 
proximal duodenum, jejunum and ileum at 2d, but in the distal duodenum at E30 (P<0.05). 
Comparing segments, the density of PP cell had peak in the jejunum from E30 to 9d (P<0.05). 
 
Figure 21 (A–F) Photomicrographs illustrating the distribution of PP immunoreactivity on villi (arrow) at 
hatch in the duodenum (A), jejunum (B) and ileum (C) and at 9 days of after hatch in the duodenum (D), 
jejunum (E) and ileum (F). Scale bar =10µm. 
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Figure 22 (G-L) Photomicrographs illustrating the distribution of PP immunoreactivity on crypt (arrow) at 
hatch in the duodenum (G) and jejunum (H) and at 9 days of after hatch in the jejunum (I) and ileum (J) , 
scale bar =10µm, and in pancreas (arrow)at hatch (K) and 9 days after hatch (L), scale bar=50µm.   
Gastric inhibitory peptide immunoreactive cells were not detected in the intestine and 
pancreas.  
Many endocrine cells showing immunoreactivity for GLP-1 antiserum were observed in the 
pancreas and jejunum at E24 and in the duodenum and ileum at E30 ( Table. 23, Fig. 23, 24). 
In the pancreas positive cells were presented in islet with round to spherical shape and pear to 
spindle shape with cytoplasmic process (Fig. 24, K-L). In the jejunum and duodenum, 
GLP-1immunoreactive cells were mainly observed in the middle part of intestinal villi (Fig. 
23, A B D E), but fewer in crypts (Fig. 24 G).  
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Figure 23 (A–F) Photomicrographs illustrating the distribution of GLP-1 immunoreactivity on villi (arrow) 
at hatch in the duodenum (A), jejunum (B) and ileum (C) and at 9 days of after hatch in the duodenum (D), 
jejunum (E) and ileum (F). Scale bar =10µm.. 
Table 23. The density of GLP-1 and GRP of small intestine 
Age 
The density of GLP-1 (mm
2
) The density of GRP (mm
2
) 
Duodenum p Duodenum d Jejunum Ileum Duodenum p Duodenum d Jejunum Ileum 
E24 -- -- 14.9±3.8 Ca -- -- -- -- -- 
E30 25.6±4.2 Ca 16.6±6.7 Bb 25.8±8.8 BCa 30.1±5.7 Ba -- 1.2±0.7 B -- -- 
0 40.3±3.1 Ab 31.6±2.7 Ab 66.5±4.8 Aa 70.2±3.4 Aa 3.2±2.1 Ba 1.8±0.8 Cb -- -- 
2d 32.9±3.3 Bb 10.4±2.2 Cc 78.2±18.8 Aa 75.9±16.7 Aa 5.1±0.8 Aa 3.5±0.5 Bb -- -- 
9d 21.2±4.9 Cb 15.9±2.1 Bc 38.7±2.9 Ba 37.2±2.2 Ba 5.7±1.2 Ac 8.3±0.8 Ab 10.3±1.3 a -- 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows with different superscript lower 
case letters are different (P <0.05). 
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Figure 24 (G-L) Photomicrographs illustrating the distribution of GLP-1 immunoreactivity on crypt (arrow) 
at hatch in the duodenum (G) and ileum (H) and at 9 days of after hatch in the ileum (I) (J) , scale bar 
=10µm, and in pancreas (arrow)at hatch (K) and 9 days after hatch (L), scale bar=50µm. 
In the middle and distal ileum, many of them were observed in the lower part of villi and 
crypts (Fig. 24, H I J). GLP-1 immunoreactive cells were pyramidal or spindle-like shape in 
the villous epithelium (Fig. 23, D-F ), and comma-like shape in crypts(Fig. 23 B-C ). These 
cells had a cytoplasmic process reaching the intestinal lumen(Fig. 23, E-F).  
The frequencies of occurrence of GLP-1 immunoreactive cells in each intestinal region in 
different period are summarized in Table. In the duodenum, the frequencies of 
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GLP-1immunoreactive cells reached the peak at hatch, while in the jejunum and ileum got the 
peak at 2d. (P<0.05). After hatch the frequencies of GLP-1immunoreactive cells decreased 
quickly in the jejunum and ileum, and mildly in the duodenum (P<0.05). The frequencies of 
GLP-1immunoreactive cells in the ileum and jejunum were higher than that in the duodenum, 
meanwhile it in the ascending duodenum was lower than that in the descending duodenum 
from E30 to 9d (P<0.05). 
 
Figure 25 (A-F) Photomicrographs illustrating the distribution of GRP immunoreactivity on villi (arrow) at 
hatch in the duodenum (A) and 9 days after hatch in duodenum (B) and jejunum (C),  and on crypt at hatch 
in the duodenum (D)and 9 days of after hatch in the duodenum(E), and at hatch positive fibers on the villi 
(F). Scale bar =10µm. 
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Table 24. The density PACAP of small intestine 
Age 
The density of Pacap (mm
2
) 
Duodenum p Duodenum d Jejunum Ileum 
E24 -- -- -- -- 
E30 -- -- 74.2±10.4 Aa 25.8±8.7 Bb 
0 13.2±2.2 Cc 9.5±1.5 Cc 40.9±4.15 Ba 83.6±8.8 Ab 
2d 23.9±5.1 Ab 13.7±1.9 Bc 34.4±5.9 Ba 23.8±7.3 Bb 
9d 19.5±2.9 Ba 18.9±2.3 Aa 22.1±2.2 Ca 10.1±1.5 Cb 
a,bMeans within columns with different superscript capital letters are different (P <0.05). Means within rows with different superscript 
lower case letters are different (P <0.05). 
 
Figure 26 (A–F) Photomicrographs illustrating the distribution of PACAP  immunoreactivity on villi 
(arrow) at hatch in the duodenum (A), jejunum (B) and ileum (C) and at 9 days of after hatch in the 
duodenum (D), jejunum (E) and ileum (F). Scale bar =10µm. 
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Gastrin releasing peptide immunoreactive cells were first seen in the distal duodenum at E30 
while in the proximal duodenum at hatch and in the jejunum at 9d (Table. 23 ), however were 
not appeared in the pancreas. Round to spherical shaped cells were demonstrated in the villi of 
small intestine, occasionally spindle and pear shaped were presented in the villi and crypt of 
the duodenum (Fig. 25, A-E). The density of GRP immunoreactive cells increase with 
development of duckling (Table. 23). Positive nerve fibers were observed in the villi 
submucosal of the duodenum.(Fig. 25, F). 
 
Figure 27 (G-L) Photomicrographs illustrating the distribution of PACAP immunoreactivity on crypt 
(arrow) at hatch in the duodenum (G) and jejunum (H) and at 9 days of after hatch in the jejunum (I), and 
immunoreactive positive fibers at 9 days after hatch on the villi in the duodenum (K) and jejunum (L), and 
at hatch in the circular muscle of the duodenum (J). Scale bar =10µm. 
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PACAP-immunoreative cells were primarily observed in the jejunum and ileum at E30 and in 
the duodenum at hatch (Table. 24). On the villi, most of the positive cells were localized in the 
inter-epithelial cell region, they were spindle, elongated and pear shape with long cytoplasmic 
process, which were extended into the lumen (Fig. 26, D-F). Some positive cells with round 
and spherical shape were also demonstrated in the basal of villi and crypt (Fig. 26, A-B; Fig. 
27, G), occasionally spindle shaped cell with long cytoplasmic process were appeared in crypt 
(Fig. 27, H I). During the development of intestine, the density of PACAP positive cells varied 
in the small intestine. The density of positive cells reached the peak in the jejunum and ileum 
at hatch and in the proximal duodenum at 2d but in the distal duodenum at 9d (P<0.05). 
 In addition, PACAP immunoreactiv fibers were observed in the intestinal villi and muscle at 
E30. The density of the fibers varied among the layers and among the tracts. There were more 
PACAP-positive nerve fibers in the duodenum and jejunum than that in the ileum (Fig.27,J-L).  
Discussion . 
Morphology  
Morphologically, the overall structure of Muscovy duck small intestine is similar to that of the 
other ducks, although some variations are distinguishable. In the current study, intestinal 
diameter and muscle thickness showed a progressively increase with age. These results were 
similar to previous studies (Marks., 1979; Lilja., 1983; Yamauchi et al., 1990; Mitchell et al., 
1991; Macari., 1998), confirming the great development of the duodenum after hatching, 
which can be attributed to physical, chemical, and hormonal stimuli provoked by the presence 
of food in the lumen.  
Numerous studies demonstrated the changes of intestinal villi during prehatch and posthatch in 
birds. Our study, in line with those of previous researches (Fry et al., 1962; Holt et al., 1984; 
Miller et al., 2007; Wang et al., 2008), clearly portrayed that the villi height of small intestine 
increased with age from E24 to 13d. The perimeter of villi in the duodenum and in the 
jejunum increased from E30 to hatching and from 2d to 9d. These findings suggest that in 
Muscovy duck a greater absorptive surface area characterises the first part of intestine, 
suggesting a more active intestinal function immediately after hatching, as shown also by 
Yamauchi (2007). We demonstrated that at 2d the number of villi of duodenum was higher 
than that of jejunum and ileum. This was in agreement with Yamauchi et al. (1991; 1995), who 
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reported that the numbers of villi in White Leghorn and broiler chickens markedly decreased 
from 1 day to 10 days. In particular they observed the highest number of villi in the 
duodenum, and the lowest in the ileum.  
Even though there were different times to reach the highest increase in villi parameters, the 
development trend that we reported confirms that dramatic changes take place in the poults 
small intestines during the immediate posthatch period (Sklanl, 2005). Our results broadly 
agree with those of Uni (1999) and Kondo (2003) who observed that the complete 
development of the duodenal villi of broiler chickens occurred around one week after hatch 
and that the evolution of the jejunum and the ileum villi took up to 2 weeks posthatch.  
Crypt development is a crucial step in intestinal maturation. The time of appearance of 
mucosal crypts during morphogenesis of the chick small intestine has been investigated 
(Geyra et al., 2001a, 2001b; Uni et al., 2003). They reported that the crypts begin to form and 
develop in the first hours posthatch. In this study the crypts appeared in the duodenum and 
jejunum at E30, and they resulted well formed in whole intestine at hatching. The crypt 
number increased markedly in the three sections from 2d to 9d, confirming what reported in 
chicks and ostrich Chicks (Sakamoto, 2005; Wang et al., 2008). However, there are differences 
concerning the number and the development time of crypts that we observed and those 
reported in chick. In particular, Geyra (2001) described a marked increase during the first 48 h 
posthatching, which reached in the ileum a plateau after 72 h posthatching. 
In the current study, we found a steeply increase of crypt depth at 9d in duodenum and ileum, 
while crypt width increased slightly in whole intestine from hatching to 13d. The comparison 
of our findings with those reported by Uni (1995) in chick and turkey, indicated that in 
duckling growth was slower than in chick and quicker than in turkey. Uni (1995) demonstrated 
that crypt depth increased rapidly after hatch and reached a plateau after 6d in the duodenum 
and 10d in the jejunum and ileum in chicks, while in turkey, the crypt depth at hatch was 50% 
to 60% of that observed in chick and continued ro raise through the 12d period.  
Our findings, toghether with those of Uni et al. (1995), suggest that number and size of crypts 
have direct effects on the increase of the intestinal absorptive superficial area, enhancing the 
entherocytes renewal rate. According to this conception, crypt number and size contribute to 
improve digestion and absorption of nutrients in the small intestine, in particular in the 
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duodenum.  
This study demonstrates that the V:C ratio peaked in the duodenum and jejunum at hatching 
day. The V:C ratio is associated with nutrient absorption and an increase in the V:C ratio 
induced better nutrient absorption, decreased secretion in the gastrointestinal tract, improved 
disease resistance, and faster growth (Wu et al., 2004). Hatch is critical stage for chick to 
adopt the alteration of nutrients from lipid-yolk to carbohydrate and lipid-yolk (Noy et al., 
1999). We speculated that the V:C ratio at hatch is associated with alteration of nutrients in 
small intestine. 
Histology  
Goblet cells 
In the present study, the goblet cells were detected at E30. But Karcher (2008) reported in 
duckling (incubation time 28 day) the goblet cells were found in the ileum at hatch. This 
demonstrated that the goblet cells could be influenced by incubation time. We showed that in 
the crypts and in the villi the PAS-positive goblet cells increased during later incubation, 
particularly at hatching. This is consistent with former observations in mammals (Shub et al., 
1983) in which the chemical composition and properties of mucus glycoproteins in the small 
intestine changed with age. We found that the density of AB-positive goblet cells was constant 
from 30E to hatching, decreasing after hatching. Though the AB-positive goblet cells appeared 
to predominate throughout later incubation and before post-hatch 13d, the rate of AB-positive 
cells to PAS-positive cells decreased from 30E. This could be explained, as suggested by 
Theodosiou et al. (2007), that the increase in acid mucin in the hatching may be due to either 
to maturation of digestive tract or a larger variety of colonizing bacteria resulting from outside 
in hatched poultry. Thus, the presence of acid mucins in early life stages might be of particular 
importance as an innate defence barrier (Cebra, 1999; Beyaz et al., 2009). Though the 
physiological relevance of distinct mucin subtypes is not well understood, it has been 
suggested that acidic mucins hamper bacterial translocation (Robertson and Wright, 1997).  
Argyrophil cells 
In this study, the argyrophil cell appeared to have the same shape and location of those 
observed in the former study on the Ovambo chick. Open-type cells with processes extend in 
the direction of the lamina propria in the villi and crypts were found, which is consistent with 
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the endocrine function of the cells (Cetin, 1992; Bodegas et al., 1997; Fonseca et al., 2002; 
Rindi et al., 2004; Kostiukevich, 2004; Wang et al., 2007). In our observations, most of 
open-type cells were located on the villi and few in crypts. These results were similar to those 
reported by Rindi (2004) and Wang (2010) who described fusiform and pyramidal argyrophil 
cells with processes extending into the gastrovascular cavity or acinar lumina to provide an 
exocrine function. On the base of the direction of the cell processes, our results indicate that 
agyrophil cells in the intestine of Muscovy embryo and duckling could have both endocrine 
and exocrine actions.  
The regional distribution patterns and the relative frequencies of intestinal argyrophil cells 
showed remarkable differences in animal species and in different parts of intestinal tract. Data 
from our study demonstrated that argyrophil endocrine cells were detected throughout the 
intestine from 30E. Our findings about the density of argyrophil cells were in line with that 
reported by Uni et al. (2000, 2003) regarding poultry enterocyte proliferation along the villi 
close to hatching.  
We showed that from 2d to 13d, the density of argyrophil cells increased in the three segments. 
This data would be connected with the improving digestion in the duckling. Similar 
observations have been described in mouse where the changes of argyrophil cells density were 
clearly related to the digestive status of the mouse (Ku et al., 2005). 
We found that the density of argyrophil cells differed in the three segments at the same age 
and appeared to be the highest in the ileum and the lowest in the duodenum during the 
prehatch and post-hatch periods.   
Immunoreactive endocrine cells  
The present study revealed the distribution of NPY immunoreactive cells in endocrine 
pancreas and in the small intestinal tract of embryo and duckling. In the pancreas, NPY 
immunoreactive cells were generally localized in the islets and the density decreased after 
hatch. This result was in accordance with Lucini (2000) who reported that in duck NPY 
immunoreactive cell were present in endocrine cells of embryonic pancreas. We observed that 
around hatching, the NPY immunreactive cell’s number decreased in dramatically both in 
small intestine and in islets of embryos. In mammals insulin cells were seen to show NPY 
immunoreactive in mouse embryos and human insulinoma (Waeber et al., 1996; Myrse`n et 
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al., 1997; Mulder et al., 1998). According to Lucini (2000) the close relation between NPY 
and insulin was related to the known inhibition of insulin glucose dependent secretion by NPY. 
In line with Lucini (2000) our finding seems to suggest that NPY plays an essential role in the 
secretion of insulin. Because in birds the normal plasma glucose concentration is higher, it is 
tempting to speculate that NPY could be involved in the maintenance of these high levels.  
NPY immunoreactive was rarely detected in nerves. This finding is in line with data reported 
in chicken and duck (Ding et al., 1997, Lucini 2000). In this study we found that NPY 
immunoreactive cells density in the jejunum at the end of incubation and in the first week of 
life was higher than that in the duodenum and ileum. At hatch most parts of intestine presented 
numerous NPY immunoreactive cells. Cox et al (1988) reported similar result in the rat. We 
speculated that at final incubation and early life the jejunum is one of major place where 
digestion and absorption of the nutrient, in particular carbohydrate, take place. Sell (1989) 
found the highest specific activities of several disaccharidases in the proximal jejunum in a 
study that examined turkey mucosal disaccharidase activity at 2, 7, 14, and 28 d. Uni (1999) 
confirmed that sucrase and maltase activity was higher in the jejunum than in the duodenum 
and ileum. The differences in activities between intestinal regions in the poult were more 
pronounced than in the chick (Uni et al., 1998). NPY is one of the major neuropeptides in the 
gastrointestinal tract. The distribution in gastrointestinal tract suggested that it may serve more 
than one function in the regulation of gut functions (Lucini 2000). 
Pancreatic polypeptide immunoreactive cells were found in the pancreas at E24 as well as in 
the duodenum and jejunum at E30 in present study. PP distribution in pancreas and gut of 
several avian species, including turkey, goose, ostrich, and chicken have been reported (Glover 
et al., 1985, Marks et al., 1993, Rawdon and Andrew 1999). Rawdon (1979) found numerous 
PP cells in the exocrine parenchyma in the pancreas of chick at hatch. Cardoso et al (1996) 
and Nascimento (2007) confirmed that in birds PP-immunoreactive cells were detected in a 
lower frequency around pancreatic islets, and in a greater number among pancreatic acini as 
well as isolated or in clusters. The pattern of PP immunoreactive cells distribution in the 
pancreas of Muscovy ducking we observed was similar to that of the chick and other birds.  
Alison (1990) found PP-immunoreactive cells in the duodenum and upper ileum at 13 days of 
incubation in chick embryo and at 14 days after hatch, PP-immunoreactive cells were also 
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detected in the proventriculus and lower ileum. Salhy (1982) reported that PP-immunoreactive 
cells were seen in the duodenum, jejunum, ileum and colon of chick. However, in this study 
the PP immunoreactive cells were presented in the duodenum and jejunum at 30 days of 
incubation. According to these previous reports, it is considered that the appearance, 
distribution and frequency of these PP immunoreactive cells were somewhat varied according 
to the species of fowl. There have not been reported about the distribution of PP 
immunoreactive cells in small intestine of duck. We showed that the PP immunoreactive cells 
appeared in the duodenum and jejunum in the early life of duckling and then extend to the 
ileum with increasing age of Muscovy duckling. Meanwhile, the our results displayed that at 
hatch in the jejunum and at 2 day in the duodenum and ileum the density of PP immunorective 
cells higher than that in others period.  
From the shape of cells we found that some PP-immunoreactive cells showed cytoplasmic 
prolongation as much as on villi and cryp, and sometimes, presenting a wide ending portion. 
Yamada et al. (1986) suggested that the presence of cytoplasmic extensions similar to nervous 
structures could be association to endocrine function. 
The distribution of GIP immunoreactive cells in the gastrointestinal tract have been reported in 
the mammal, however there were not literatures to depict in the chick, duckling and quail. The 
result of this study was line with Benjamin (2001) who reported that the GIP immunoreactive 
cells were not detected in the small intestine and pancreas in the fowl.   
GLP-1 secreted from L-cells is one of regulatory peptides involved in the control of the 
intestinal motility (Dockray and Walsh, 1994.). These peptides are secreted from open-type 
intestinal endocrine cells that make direct contact with the gut lumen (Eissele et al. 1992) and 
stimulate insulin-release from pancreatic B cells (Nauck, 1998). The present study elucidated 
the detailed distribution of GLP-1 immunoreactive cells in the embryo and duckling pancreas 
and intestine, around hatch the density appeared highest in intestine. Comparing the three 
sections, the ileum and the jejunum showed the highest density. These results were in 
agreement with Hiramatsu (2003) who reported that the density GLP-1 immunoreactive cells 
was higher in the ileum and jejunum of ostrich, however the frequency was higher in the ileum 
than in the jejunum in chickens. This distributional model was similar in the rat (Eissele et al., 
1992) and dog (Damholt et al., 1999), contrary to this, in the sheep (Calingasan et al., 1984), 
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man and pig (Eissele et al., 1992) the highest density of was shown of the rectum. Therefore, 
there was species difference in the distributional pattern GLP-1containing cells even in the 
mammalian alimentary tracts.  
In present study, immunoreactive cells for GLP-1 were mainly observed in the middle part of 
intestinal villi of jejunum, in the lower part of intestinal villi and crypts of ileum. It has been 
shown that GLP-1 immunoreactive cells are mainly found in the crypts and lower villi of the 
chicken (Yamanaka et al., 1989) and mouse (Aiken et al., 1994) small intestine respectively. 
Because the migration of epithelial cells occurs along the crypt column (Tsubouchi, 1981), 
which indicate the active proliferation of GLP-1 immunoreactive cells in the ileum segment of 
the chicken intestine. Meanwhile at hatch and 2 days after hatch could present high migration 
rate of the GLP-1 immunoreactive cells in the small intestine. 
Studies on the distribution and frequency of GRP immunoreactive cells have been performed 
in the gastrointestinal tract of the rat (Lundqvist et al., 1990), cat (Kitamura et al., 1982), 
human (Sjolund et al., 1983), horse (Kitamura et al., 1984), guinea pig (Keast et al., 1984), pig 
(Ito et al., 1987), buffalo (Lucini et al., 1999), dog (Damholt et al., 1999) and the bactrian 
camel (Eerdunchaolu et al., 2001), fowl (Rawdon 1999) in order to understand the role of GRP 
in the gut. In the present study, the GRP immunoreactive cells were sporadic appeared in the 
duodenum from 30 day of incubation and in the jejunum at 9 days of life and GRP positive 
fiber spread in the duodenum. Though, we did not find report about the presence of GRP 
immunoreactive cells in the intestine of chick and duck, Rawdon (1999) reported the GRP 
positive fiber distribution in the up intestine of fowl. According to immunoreactive and 
autoradiographic studies in the mammalian gut, GRP receptor is expressed within the nerve 
plexuses innervating the underlying smooth muscle of the gastrointestinal tract (Moghimzadeh 
et al., 1983). Moreover in chiken the presence of this receptor has been demonstrated in the 
small intestinal mucosa (Chang et al., 1986; Kachur et al., 1982). The GRP receptor 
distribution reported by these authors matches with our findings. In particular, the GRP 
positive nerve fibers we described could establish a connection with the mucosal cells 
expressing the GRP receptor.  
The results of the present study demonstrate that PACAP immunoreactivity appeared first in 
the jejunum and ileum at 30 day of incubation and in the duodenum at hatch. The density of 
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PACAP-positive fibers was higher in the duodenum and jejunum than ileum muscle. These 
data agree, for the most part, with those reported in the chicken (Sundler et al., 1992), rat 
(Hannibal et al., 1998), teleost fishes (Olsson and Holmgren, 1994) and duck (Mirabella et 
al.,2002). They differ, however, from those reported from the guinea pig (Portbury et al. 1995) 
and from several other mammalian species, such as the cat, pig and mouse (Sundler et al 
1992), in which PACAP seems to be absent from several tracts of the gastrointestinal mucosa. 
The presence of positive cell bodies and fibers in the small intestine suggests PACAP play a 
role for in several nerve-mediated functions of the bird gastrointestinal tract. This is supported 
by the fact that PAC1 receptor mRNA is expressed in the avian gut (Peeters et al. 1999). 
Moreover, many functional studies indicate that PACAP has a potent relaxant activity on 
gastrointestinal smooth muscle (Katsolius et al. 1993; McConalogue et al. 1995; Yoshida et al. 
2000) and important secretomotor properties throughout the gastrointestinal tract (Cox 1992; 
Kuwahara et al. 1993; Fuchs et al. 1996; Ozawa et al. 1997; Takeuchi et al. 1997).  
The distribution and relative frequency of gut endocrine cells in the intestine of the Muscovy 
ducking were essentially similar to those of other birds that have been studied. Some species 
dependent characteristic differences were also observed. The endocrine cells detected by 
immunohistochemistry in the small intestine of Muscovy duckling changes dramatically at 
hatch and 2 days posthatch. Gastrin releasing peptide was detected in the small intestine of 
duckling.   
The present study is the first report of morphological changes in the small intestine, 
localization and relative frequency of goblet cells and some endocrine cells in the small 
intestine of the Muscovy duck during final incubation and first 9 days of life. These results 
suggest that: 1) The morphological parameters indicated that in the Muscovy duck small 
intestine, in particular in duodenum, critical change happens from hatching to 9 days 
posthatch. This reflects that in early life stage the vigorous absorptive part of intestine would 
be mainly the duodenum extending to the jejunum with development. 2) The distribution of 
the different endocrine cell type in the small intestine exhibits some particularities in the 
Muscovy duckling (presence of Gastrin releasing peptide and Glucagon-like peptide-1 positive 
cells). 3) The distribution of goblet cells, argyrophil cells and immnoreactive cell were 
different in the three sections of the small intestine during development. 
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Chapter 4- Effect of hens diet supplemented with Vitamin D3 or Vitamin E on the 
development of small intestinal morphology of chick 
Introduction  
The good performance of the avian is due to the function of intestine, which relied on the 
maturity of intestine during final incubation and first week of poshatch. The intestine of the 
chick possesses the functions of food content storage, secretion digestion and absorption of 
nutrients. Morphological studies point out that at the moment of hatching, the weight of the 
small intestine represents 1.2 to 2.6% of the body weight of the bird and 6.2 to 6.6% at 
maximum development. The development peak of the small intestine is shown to be between d 
5 and 7 posthatch (Sell, 1996).  
Research has suggested that the stimulation of the intestine by different substrates, soon after 
hatching, can accelerate its development. According to Noy and Sklan (1995), the digestion of 
N in the small intestine of broiler chickens increases from 78% on d 4 posthatch to 92% on d 
21 posthatch. Some nutrients are essential for intestinal homeostasis. According to Ruemmele 
et al. (1999), the lack of Gln and polyamines inhibit proliferation, migration, and apoptosis. 
Vitamins D and E are two essential nutrients that play very important roles in numerous 
biological processes. Because they are fat-soluble, they share several common mechanisms 
concerning their metabolism and transfer to offspring. 
Vitamin D3 is a secosteroid prohormone, which is obtained from the diet and by the action of 
sunlight on the skin via conversion of 7-dehydrocholesterol to preVitamin D3. It exerts its 
effects through its active form 1,25-dihydroxycholecalciferol or calcitriol, which is activated 
from the precursor molecule by 25-hydroxylase in the liver and the 1α-hydroxylase in the 
kidneys. It is well known that calcitriol plays an important role in the intestine, where it 
promotes Ca2+ resorption via Vitamin D3 receptor-mediated genomic mechanisms. 
Expression of calbindin-D9k (Haussler et al., 1995; Zhu et al., 1998; Walters et al., 1999; 
Christakos et al., 2003; Lee et al., 2003; Yamagishi et al., 2006), of its own receptor (Horst et 
al., 1994; Haussler et al., 1995; Zhu et al., 1998; Chen et al., 2006; Yamagishi et al., 2006) and 
of Ca-transporting ATPase (CaATPase) (Haussler et al., 1995; Zhu et al., 1998; Yamagishi et 
al., 2006) are involved. Vitamin D3 target tissues in the digestive system are extensive. Their 
presence and distribution indicate an important role of Vitamin D3 for digestion. Vitamin D3 
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may have a role in regulating the morphological and functional development of intestinal 
villus mucosa (Shinki et al., 1991). A single injection of 1α,25-(OH)2-D3 into chicks deficient 
in Vitamin D3 produced a marked increase in putrescine accumulation from ornithine and 
spermidine in the duodenum (Shinki et al., 1985). Thus, the mechanism by which Vitamin D3 
acts on the small intestine may be mediated by putrescine. It is well documented that 
polyamines (putrescine, spermidine, and spermine) play an essential role in cell proliferation 
and differentiation (Tabor, 1984). Ornithine decarboxylase is the ratelimiting enzyme for 
converting ornithine to putrescine, whereas spermidine N-acetyltransferase is essential for the 
regeneration of putrescine from spermidine. Their activities are markedly enhanced 
byα,25-(OH)2-D3 (Shinki et al., 1981, 1985).  
The ingestion of high doses of antioxidant nutrients, for example vitamin E (VE), is 
considered a preventative measure against cell damage caused by immunological cells (Barbi 
et al., 1999). Vitamin E acts as a biological antioxidant at the cell membrane level, (Wu, 
1998). The good performance of the animal is due to better use of the nutrients supplied in the 
diets. Several researchers had reported that Vitamin E supplementation did not induce any 
effects on the dimensions of the large intestine (Shirpoor et al., 2006). Shirpoor et al. (2006) 
observed that in the small intestine of rats receiving vitamin E (300 mg/kg body weight) 
intestinal length was not altered.  
Maternal nutrients affected on the development of embryo and poult has been refocused on the 
micro mineral and vitamin in recent years. During incubation and first week posthatch, 
embryos small intestine develop and grow from energy and nutrients stored in the egg by the 
hen. Amounts, but also forms, of nutrients deposited in the egg determine success of intestine 
development and hatching of a healthy chick. Transference of nutrients from the hen to the egg 
follows two pathways: via the ovary to the yolk or via the oviduct to the albumen, egg shells, 
and membranes. Chemically, the transference of nutrients from the hen to the ovary and the 
oviduct involves the synthesis and the export of proteins able to bind specific molecules. 
Inside the egg, the embryo develops specific mechanisms to mobilize previously stored 
vitamins and minerals by means of transport proteins (Lillie et al., 1951). Marginal 
deficiencies can significantly affect some chickens in a flock but not others, leading to higher 
embryonic mortality rate at the end of incubation (Wilson, 1997). High mortality during the 
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second week of incubation of chicken embryos suggests nutrient deficiencies in hens' diets, as 
normal mortality rates are very low during this period (Leeson et al., 1979). Excesses, as well 
as deficiencies, can affect embryo development, and may interrupt egg production by the hen. 
As nutrient deficiency or excess advances and becomes severe, effects on embryo 
development aggravate, and become evident earlier (Wilson, 1997).  
Vitamin D3 is preferably deposited in the yolk in the form of Vitamin D3 as compared to D2. 
The efficiency of Vitamin D3 deposition in the yolk is around 2.2 times higher than D2 
(Mattila et al., 2004).  
Vitamin E concentration in egg yolks is a direct function of its concentration in the feed. 
Vitamin E levels in the embryo are similar to the level found in the yolk at the early stages of 
incubation (Surai et al., 1998). Maternal supplementation of vitamin E levels as high as 160 IU 
in the feed may be required by chicks exposed to oxidative stress (Lin et al., 2005). In fact, 
poults from young breeders presented lower mortality when these were fed 300 IU/kg vitamin 
E (Siegel et al., 2006). 
It has been reported the effects of Vitamin D3 and Vitamin E on the intestinal morphology of 
adult fowls, however, the references, about the development of small intestinal morphology of 
poult or chick from maternal fed with Vitamin D3 and Vitamin E, are rarely found. 
Purpose  
The aim of this study was to investigate the effects of hens dietary Vitamin D3 and E on the 
morphological changes of the duodenum, jejunum and ileum of Ovambo chicks during 
development. The intestinal weight, length, villi height, villi width, villi area, crypt depth, 
crypt width and crypt number in each intestinal segment of these birds were observed and 
measured using a light microscope (Leitz, Diaplan). 
Materials and Methods 
Birds Management and Treatments 
A total of 60 Ovambo laying breeders were reared in 6 pens of 10 birds each, with a ratio of 1 
male to 10 females. There were 2 replicates of 3 dietary treatments that is adding 3000IU 
Vitamin D3 (VD), adding 25mg/kg vitamin E (VE) and control (C). Composition of diet of 
experiment was listed in the Table 25. After fed the experiment diet 2 weeks, eggs from 3 from 
three groups were collected continuum 7days and incubated. Samples were sampled at 15 day 
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embryo (15E), 19 day embryo (19E), hatch (0), 2 day of after hatch (2d) and 7 day of life (9d). 
Sample processing, staining processing, measurement and analysis were used the same 
procedure have been described in the former experiment.  
Table 25 Composition of experimental diet   
Ingredients Control 
Vitamin 
D3 
Vitamin 
E 
Composition (analyzed 
except for (DE) 
Control 
Vitamin 
D3 
Vitamin 
E 
Corn (%) 62.6 62.6 62.6 DE (MJ/kg) 12.3 12.3 12.3 
Soybean meal (%) 25 25 25 CP (%) 13.0 12.8 12.8 
Dry yeast (%) 3.5 3.5 3.5 Lipid(%) 3.1 3.2 3.4 
Soybean oil (%) 0.5 0.5 0.5 Ash((%)) 19.7 19.8 20.2 
Dicalcium  
phosphate (%) 
1.8 1.8 1.8 Fiber ((%)) 2.4 2.5 2.3 
Limestone (%) 0.7 0.7 0.7     
Salt (%) 2.5 2.5 2.5     
DL-Met (%) 3 3 3     
Mineral-vitamin 
premix1a (%) 
 
0.4 0.4 0.4     
Vitamin E --- -- 25mg     
Vitamin D3 -- 3000 IU --     
a Supplied the following per kilogram of diets: Fe, 72 mg; Cu, 7 mg; Zn, 72 mg; Mn, 90 mg; I, 0.9 mg; Se,0.1mg vitamin A, 5000IU; Vitamin 
D33, 1000 IU; vitamin E, 50mg; vitamin K3, 1.4 mg; vitamin B1, 1.8 mg; vitamin B2, 8 mg; vitamin B6, 4.1 mg; vitamin B12, 0.01 mg; 
nicotinic, 32 mg; calcium pantothenate, 11 mg;folic acid, 1.08 mg; biotin, 0.18 mg. 
Results  
Body weight, intestinal weight and intestinal length of embryos and chicks from VD and C 
groups were presented in the Table 26-1. Body weight decreased from E15 to hatch in both 
groups, however, in VD was higher 7.1 mg than that in the C at hatch (P<0.05). Body weight 
increased with age after posthatch in both groups (P<0.05). After hatch there were not 
different in the body weight between two groups. Small intestine grew persistently in both 
groups from E15 to 7day posthatch. The intestinal weight increased 25 times in VD group and 
30 times in C group from 15 day of embryo to 7 day of life. Although there were not 
significant differences between the two groups from E15 to 2 day posthatch, the intestinal 
weight in the VD was lighter1.45 mg than that in the C at 7 day posthatch (P<0.05) and there 
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was the tending of lighter weight of intestine in the VD group after hatch. Intestinal length 
increased incessantly from E15 to 7d in two groups. Although there was not different between 
two groups, we observed that the tendency of length became short in the VD group. 
Table 26-1 Body weight, intestinal weight and intestinal length  
Age 
Body weight (mg) Intestinal weight  (mg) Intestinal length (cm) 
VD C VD C VD C 
E15 48.48±2.5Ba 51.5±3.5 Ba 0.21±0.04 Da 0.22±0.01 Da 15.16±2.41Da 14.8±1.91Da 
E19 45.4±3.0 Ba 42.1±2.4Ca 0.67±0.12Ca 0.51±0.13 Ca 20.03±3.91 Da 20±4.97 Da 
0 42.4±3.7 Ba 35.3±1.2 Db 1.58±0.05 Ba 1.68±0.23 Ba 29.03±0.25 Ca 32.53±1.34 Ca 
2d 43.4±2.0 Ba 43.3±2.4 Ca 2.08±0.04 Ba 2.27±0.44 Ba 40.81±3.26 Ba 45.8±2.69 Ba 
7d 59.3±1.1 Aa 60.4±9.8 Aa 5.47±0.31 Ab 6.92±1.99 Aa 57.53±3.54 Aa 62.46±3.85 Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 26-2 Body weight, intestinal weight and intestinal length 
Age Body weight (mg) Intestinal weight  (mg) Intestinal length (cm) 
VE C VE C VE C 
0 34.5±5.4Aa 35.3±1.2Ba 1.29±0.23 Ba 1.28±0.23Ba 31.1±3.8Ba 32.53±1.34Ba 
2d 41.2±1.4Aa 43.3±2.4Aa 2.38±0.15Aa 2.27±0.44Aa 50.6±5.5Aa 45.8±2.69Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
The body weight, the intestinal weight and the intestinal length did not show differences 
between E and C groups (Table. 26-2) during hatch and 2d.  
Weight of the duodenum, jejunum and ileum increased continuously from E19 to 7d in both 
groups (Table. 27-1). Although there were not significant differences about the weight of 
sections between groups from E15 to 2d, the weight of the duodenum and jejunum in C 
presented heavier than that in the VD group (P<0.05). There was no difference in the 
duodenum, jejunum and ileum between E and C group at Hatch and 2 d (Table. 27-2).  
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Table 27-1 Weight of intestinal section  
Age 
Weight of intestinal section (mg) 
Duodenum Jejunum Ileum 
VD C VD C VD C 
E15 0.04±0.01 Ca 0.05±0.01 Da 0.09±0.02 Ca 0.07±0.02 Ca 0.03±0.01 Da 0.03±0.01 Ca 
E19 0.11±0.02 Ca 0.11±0.03 Da 0.25±0.08 Ca 0.21±0.07 Ca 0.06±0.01 Da 0.08±0.01Ca 
0 0.44±0.11 Ba 0.35±0.05 Ca 0.58±0.06 BCa 0.51±0.09 BCa 0.09±0.01 CDa 0.09±0.01 BCa 
2d 0.71±0.02 Ba 0.80±0.11 Ba 1.16±0.06 Ba 1.2±0.26 Ba 0.18±0.08 Ba 0.17±0.02 Ba 
7d 1.55±0.20 Aa 1.95±0.44 Aa 2.84±0.15Ab 3.76±1.77 Aa 0.39±0.02 Aa 0.40±0.13 Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 27-2 Weight of intestinal section 
Age 
Weight of intestinal section (mg) 
Duodenum Jejunum Ileum 
VE C VE C VE C 
0 0.39±0.05Ba 0.35±0.05Ba 0.45±0.12Ba 0.5±0.09Ba 0.08±0.01Ba 0.09±0.01Ba 
2d 0.84±0.15Aa 0.80±0.11Aa 1.29±0.02Aa 1.2±0.26Aa 0.16±0.01Aa 0.17±0.02Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 28-1 Length of intestinal section  
Age 
Length of intestinal section (cm) 
Duodenum Jejunum Ileum 
VD C VD C VD C 
E15 3.26±0.47 Da 3.83±0.45 Da 8.81±1.75 Da 8.53±2.44 Da 3.1±0.45 Ca 2.46±0.21 Da 
E19 4.56±0.81 Da 4.3±0.88 Da 12.23±3.51 Da 12.1±4.41 Da 3.23±0.45 BCa 3.63±0.15 Ca 
0 6.44±0.11 Ca 6.86±0.83 Ca 19.0±0.51 Ca 22.0±1.0 Ca 3.73±0.21 BCa 3.66±0.15 Ca 
2d 7.98±0.16Ba 8.9±0.52 Ba 28.83±3.32 Ba 32.01±2.26 Ba 4．1±0.2 Bb 4.9±0.4 Ba 
7d 12.33±0.76 Aa 12.1±2.30 Aa 39±2.78Aa 44.26±3.02 Aa 6.2±0.36 Aa 6.03±1.09 Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
The length of the duodenum grew 2.78 times in the VD group and 2.16 times in the C group 9 
(Table. 28-1), however, the length of the jejunum and ileum increased 3.43 times and 1 times 
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in VD group and 4.18 times and 1.45 times in C group respectively. The length of duodenum 
in the VE seems to be longer than that in the C but there was no significantly different (Table. 
28-2).  
Table 28-2 Length of intestinal section 
Age 
Length of intestinal section (cm) 
Duodenum Jejunum Ileum 
VE C VE C VE C 
0 7.33±0.64 Ba 6.86±0.83 Ba 20.0±3.5 Ba 22.0±1.0 Ba 3.8±0.36 Aa 3.66±0.15 Ba 
2d 9.56±1.01Aa 8.9±0.52 Aa 36.6±6.17Aa 32.01±2.26 Aa 4.36±0.25 Aa 4.9±0.4 Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Thickness of small intestine wall appeared peak in the duodenum and ileum at hatch and in the 
jejunum at 2d in both groups (P<0.05, Table. 29-1). Although there were not significant 
differences between VD and C, the thickness of small intestine wall in duodenum and ileum 
increased 21µm and 14.2µm in VD group and 26µm and 57.8µm in C group from E15 to 
hatch, respectively. Moreover in the jejunum increased 19.1µm in VD and 29µm in C from 
E15 to 2d. Intestinal wall in the duodenum and jejunum in VE were thicker than that in C 
group at hatch, contrary it in C it was thicker than that in VE at 2d in the duodenum and 
jejunum (P<0.05, Table. 29-2). Meanwhile there was no different thickness of small intestinal 
wall between VE and C at hatch and 2d.   
Table 29-1 The thickness of small intestinal wall 
Age Thickness of intestinal wall (μm)  
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
E15 149.2±13.7 ABa 125.69±14.0 Ba 128.4±35.1 Aa 136.5±30.1 A Ba 166.6±8.8 BCa 160.2±15.1 Ba 
E19 134.6±44.4 Ba 149.9±13.8Aa 122.6±16.6 Aa 136.9±35.7 A Ba 167.4±8.5 A Ba 161.0±51.7 Aa 
0 155.6±7.1 Aa 151.2±27.8Aa 137.3±18.6 Aa 142.4±34.7 A Ba 180.8±7.8 A Ba 218.3±24.7 Ba 
2d 112.9±2.8 Cb 142.8±18.4Aa 141.7±25.8 Ab 165.5±54.9 A Ba 149.2±61.6 Ca 162.8±13.1 Ba 
7d 142.9±1.6ABa 145.3±19.2Aa 125.2±17.4Aa 127.3±17.5 A Ba 176.9±52.5Aa 159.1±2.7 Ba 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
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Table 29-2 The thickness of small intestinal wall 
Age 
Thickness of intestinal wall (μm)) 
Duodenum Jejunum Ileum 
VE C VE C VE C 
0 174.2±4.7 Aa 151.2±27.8Ab 194.6±27.3 Aa 142.4±34.7 Bb 238.1±16.9Aa 218.3±24.7 Aa 
2d 126.3±13.8 Bb 142.8±18.4Ba 143.9±17.6Bb 165.5±54.9 Aa 162.6±639.9Ba 162.8±13.1 Ba 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Thickness of small intestinal muscle layers were presented in the Table 30. It in the VD was 
higher than that in C at E15, however in the VD it was thinner than that in C at 2d and 7d in 
the duodenum and jejunum (P<0.05, Table. 30-1). However, thickness of muscle of ileum in 
the C was higher than that in the VD from E15 to 2d, but that in the C were thinner than that in 
VD at 7d (P<0.05). Between VE and C, intestinal muscle was thicker in the duodenum in VE 
at hatch and in the jejunum in C at 2d (P<0.05, Table. 30-2).  
Table 30-1 The thickness of small intestinal muscle 
Age 
Thickness of muscle (μm) 
Duodenum Jejunum Ileum 
VE C VE VE C VE 
E15 112.4±26.6 A a 68.6±13.2 Cb 91.2±28.8 A a 63.8±8.9 Cb 56.8±14.0Cb 78.2±15.2Ca 
E19 79.8±27.1 Ba 63.1±10.9Ca 75.3±3.8 Ba 70.0±20.9BCa 69.3±13.9Cb 84.1±16.0 Ca 
0 70.1±7.9 BCa 91.4±15.1ABa 62.7±15.6Ca 75.8±22.8BCa 90.0±11.6 Bb 111.6±19.9 Aa 
2d 60.8±11.1 Cb 77.9±8.7BCa 70.6±18.1 A 95.8±36.3Aa 70.6±23.5 Cb 104.9±8.5 ABa 
7d 71.5±5.4BCb 95.9±95.9Aa 64.5±20.0Cb 83.0±13.1 ABa 134.0±36.1Aa 97.2±13.7 Bb 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 30-2 The thickness of small intestinal muscle 
Age 
Thickness of muscle (μm) 
Duodenum Jejunum Ileum 
VE C VE C VE C 
0 79.6±3.7 Ab 91.4±15.1Aa 72.8±15.9Aa 75.8±22.8Ba 102.7±10.5 Aa 111.6±19.9 Aa 
2d 81.8±13.6 Aa 77.9±8.7Ba 81.5±23.3 Ab 95.8±36.3Aa 97.8±13.0 Aa 104.9±8.5 Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
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Thickness of intestinal wall with villi increased persistently in the three segments of both 
groups from E15 to 7d (P<0.05, Table. 31-1). There were significant differences between two 
groups in the duodenum at E15, hatch and 7d, in the jejunum at E15 and in the ileum at E15, 
2d and 7d (P<0.05). There was the tendency that thickness of intestinal wall with villi in VD 
was higher than that in the C in three segments. Between VE and C, the thickness of intestinal 
wall with villi was higher in the three segments at hatch and in the ileum at 2d (P<0.05, Table. 
31-2). 
Table 31-1 The thickness of small intestinal wall with villi 
Age 
Thickness of intestinal wall with villi (μm) 
Duodenum Jejunum Ileum 
VD C VD C VD C 
E15 436.8±71.2Da 233.1±4.9 Db 378.0±49.6 Da 246.4±36.1 Eb 291.6±54.7Ca 239.6±33.6 Db 
E19 398.2±84.1 Da 354.8±3.9 Ca 302.0±21.2 CDa 319.1±42.7 Da 339.8±55.5Ca 370.5±67.7Ca 
0 826.2±101.1 Ba 730.0±46.2Bb 559.7±293.5Ca 521.2±44.7Ca 517.3±48.8 Ba 447.5±77.1Ba 
2d 727.7±111.3 Ca 705.5±145.8Ba 684.5±80.9 Ba 667.6±63.1Ba 529.3±155.2 Ba 436.5±81.1Bb 
7d 1061.7±174.7Aa 929.8±3.7Ab 981.2±109.7Aa 976.4±34.6 Aa 708.6±95.6Aa 553.7±78.4Ab 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 31-2 The thickness of small intestinal wall with villi 
Age 
Thickness of intestinal wall with villi (μm) 
Duodenum Jejunum Ileum 
VE C VE C VE C 
0 843.9±111.8 Aa 730.0±46.2Ab 765.3±43.7Aa 521.2±44.7Bb 535.6±16.0Ba 447.5±77.1Ab 
2d 707.6±138.6 Ba 705.5±145.8Aa 664.3±71.7 Ba 667.6±63.1Aa 621.6±98.7Aa 436.5±81.1Ab 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
The height of villi grew incessantly from E15 to 7d in whole small intestine in both groups 
(P<0.05, Table. 32-1). Moreover in both groups the increasing rate of villi height was higher 
from 2d to 7d in the three segments (P<0.05). Between two groups, villi height was obvious 
higher in the VD group in the duodenum atE15, hatch, 2d and 7d, in the jejunum at E15, hatch 
and 2d and in the ileum at hatch, 2d and 7d (P<0.05). Villi height of VE was higher than that 
of C in duodenum at hatch and 2d and in the jejunum at 2d (P<0.05, Table. 32-2), though there 
was no significant difference in the ileum. 
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Table 32-1 The height of small intestinal villi 
Age 
Height of villi (μm) 
Duodenum Jejunum Ileum 
VD C VD C VD C 
E15 120.8±15.2 Da 93.6±9.7 Db 102.8±15.6Ca 85.8±8.6 Eb 68.8±9.3 Da 71.7±6.6Ea 
E19 199.3±31.1 Ca 175.2±29.4Ca 146.5±34.2 Ca 138.4±19.3 Da 122.9±32.1Ca 132.2±21.0 Da 
0 447.0±107.5 Ba 333.2±115.5Bb 326.8±82.3Ba 248.0±48.4Cb 272.8±64.8Ba 203.2±29.0Cb 
2d 492.8±92.7 Ba 417.5±131.3Bb 364.8±96.5 Ba 302.8±86.2Bb 320.2±60.1 Ba 271.0±21.6Bb 
7d 706.4±109.5Aa 645.4±133.0Ab 650.1±87.3Aa 639.1±64.1 Aa 461.8±56.0Aa 349.4±45.0Ab 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 32-2 The height of small intestinal villi 
Age 
Height of villi (μm) 
Duodenum Jejunum Ileum 
VE C VE C VE C 
0 473.9±140.0Aa 333.2±115.5Bb 211.9±67.1Ba 248.0±48.4Ba 196.6±34.9Ba 203.2±29.0Ba 
2d 491.0±88.9 Aa 417.5±131.3Ab 360.5±61.0 Aa 302.8±86.2Ab 299.1±90.6Aa 271.0±21.6Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 33-1 The width of small intestinal villi 
Age Width of villi (μm)  
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
E15 73.1±23.4Ca 53.1±15.1 Cb 80.1±16.1BCa 61.5±29.8 Db 81.9±14.2BCa 50.8±10.4Bb 
E19 57.0±14.0BCa 54.7±16.7Ca 54.8±18.1 Ca 50.6±15.3Da 59.8±34.9Ca 52.4±13.2Ba 
0 88.7±21.9 Ba 80.4±17.2 Ba 74.9±29.9 Ba 62.1±13.8 Ca 77.0±19.2 Ca 68.0±20.7 Ba 
2d 145.4±64.0Aa 127.9±42.7Aa 127.4±49.6 Aa 120.0±32.1Ba 107.4±36.8 Ba 106.7±146.7Aa 
7d 124.0±12.5Aa 131.0±37.8Aa 130.3±39.0Aa 132.4±24.9 Aa 141.2±58.4Aa 141.7±32.4Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
The width of villi increased in the three segments in both groups with age from E19(P<0.05, 
Table. 33-1), and increasing rate of villi width in whole small intestine presented the highest 
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from hatch to 2d in both groups. Villi width in the VD group was higher than that in the C 
group in the duodenum, jejunum and ileum at E15 (P<0.05), however there were not 
significant differences between two group from E19 to 7d. Although villi width was higher in 
the jejunum of C at 2d (P<0.05, Table. 33-2), there was no significantly difference between 
VE and C in any other period and segment.  
Table 33-2 The width of small intestinal villi 
Age Width of villi (μm)  
Duodenum Jejunum Ileum 
VE C  VE C   VE C   
0 92.8±23.7Aa 80.4±17.2 Ba 56.5±12.1Ba 62.1±13.8 Ba 75.2±27.1 Ba 68.0±20.7 Ba 
2d 122.1±51.5Aa 127.9±42.7Aa 93.8±22.9Ab 120.0±32.1Aa 118.7±19.6 Aa 106.7±146.7Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 34-1 The perimeter of small intestinal villi 
Age Perimeter of villi (μm)  
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
E15 354.3±44.2Ca 274.5±26.4 Cb 303.9±54.8Da 281.8±66.0 Da 264.8±34.7 Da 234.7±33.4 Db 
E19 503.3±245.1 Ca 438.9±65.3 Cb 363.4±77.4 Da 344.6±59.5 Da 347.0±87.0 Da 340.1±55.4 Ca 
0 1053.2±304.8 Ba 984.7±239.1 Ba 757.3±199.5 Ca 599.3±129.2 Cb 657.9±151.6 Ca 517.2±83.2 Bb 
2d 1125.8±304.8 Ba 1011.3±289.4 Ba 1036.5±266.9 Ba 1005.2±180.9 Ba 763.1±139.2 Ba 759.7±74.4 Aa 
7d 1533±370.2Aa 1351.7±253.5Aa 1435.3±223.9Aa 1406.8±122.9 Aa 930.6±160.7Aa 823.9±148.5Ab 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
The perimeter of villi grew continuously in whole small intestine with age in both groups 
(P<0.05, Table. 34-1). Villi perimeter of VD was higher than that of C in the duodenum at E15 
and E19, in the jejunum at hatch and in the ileum at 7d (P<0.05). Moreover there was the 
tendency, which the villi perimeter that in the VD group was higher than that in the C group 
from E15 to 7d in three segments. Villi perimeter presented higher value at 2d in the jejunum 
in C (P<0.05, Table. 34-2), however no significant difference appeared in any other segments 
at any period. 
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Table 34-2 The perimeter of small intestinal villi 
Age Perimeter of villi (μm)  
Duodenum Jejunum Ileum 
VE C  VE C   VE C   
0 1106.5±298.4 Aa 984.7±239.1 Aa 544.6±182.8 Ba 599.3±129.2 Ba 514.2±98.1 Ba 517.2±83.2 Ba 
2d 1015.7±373.9 Aa 1011.3±289.4 Aa 809.5±186.9Ab 1005.2±180.9 Aa 774.2±196.1Aa 759.7±74.4 Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 35-1 The surface area of villi in small intestine 
Age Surface area of villi (μm) ×103 
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
E15 8.8±3.2 Ca 5.0±1.5 Db 6.2±1.9Da 5.4±3.0 Da 5.6±1.1 Ca 3.6±0. 7 Db 
E19 11.3±3.7 Ca 9.6±3.3 Db 6.6±3.4 Da 7.1±2.8CDa 7.6±5.1Ca 7.0±2.4CDa 
0 40.7±17.2 Ba 36.1±4.9 Cb 25.7±14.7 Ca 15.7±6.1 Cb 21.4±9.3Ba 14.1±5.7Cb 
2d 73.8±40.5Aa 55.3±28.7Bb 49.2±2.6 Ba 49.5±15.4Ba 38.9±10.3 Ba 39.6±14.1Ba 
7d 87.6±15.9Aa 83.2±24.6Aa 81.7±22.3Aa 84.1±16.3 Aa 52.2±27.3Aa 49.4±13.5Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 35-2 The surface area of villi in small intestine 
Age Surface area of villi (μm) ×103 
Duodenum Jejunum Ileum 
VE C  VE C   VE C   
0 44.5±21.9 Ba 36.1±4.9 Aa 12.1±4.9 a 15.7±6.1 Ba 14.8±6.6Ba 14.1±5.7Ba 
2d 62.8±36.1Aa 55.3±28.7Ab 34.2±11.3 Aa 49.5±15.4Aa 35.8±13.1 Aa 39.6±14.1Aa 
a,bMeans within rows (same section) with different superscript capital letters are different (P <0.05). 
The surface area of villi increased incessantly in three segments in both group (P<0.05, Table. 
35-1). Villi surface area of VD group was higher than that of C in the duodenum from E15 to 
2d , in the jejunum at hatch and in the ileum at E15 and hatch (P<0.05). It in VE group was 
higher than that in C group at 2d in the duodenum (P<0.05, Table. 35-2).  
Crypts were detected in the small intestine at hatch in both groups (Table. 36-1). The number 
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of crypts per villi increased with age in both groups. Although the number of crypts was 
higher in the VD group at 2 d in the duodenum (P<0.05), there were not significant differences 
between two groups in the small intestine at any period. Crypt depth presented higher in the 
VD group in the duodenum at 2d and 7d, in the jejunum at hatch, 2d and 7d and in the ileum at 
7d (P<0.05, Table. 37-1).  
Table 36-1 The number of crypt per a villi of small intestine  
Age The number of crypt per villi 
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
0 1.1±0.61Ca 1.3±0.49 Ba 1.25±0.45Ba 1.21±0.21Ba 1.41±0.51Ba 1.63±0.50Ba 
2d 2.25±0.860Aa 1.58±0.66Bb 1.58±0.51Ba 1.5±0.52Ba 1.41±0.51Ba 1.5±0.52Ba 
7d 2.66±0.88Aa 3.08±0.99Aa 2.31±0.60Aa 2.45±0.82Aa 1.91±0.28Aa 2.41±0.79Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 36-2 The number of crypt per a villi of small intestine  
Age The number of crypt per villi 
Duodenum Jejunum Ileum 
VE C  VE C   VE C   
0 1.2±0.33Ba 1.3±0.49 Aa 1.2±0.61Ba 1.21±0.21Aa 1.33±0.65Ba 1.63±0.50Aa 
2d 1.92±0.79Aa 1.58±0.66Ab 1.75±0.63Aa 1.5±0.52Aa 2.10±0.61Aa 1.5±0.52Ab 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 37-1 Depth of crypt in the small intestine 
Age Depth of crypt (μm) 
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
0 48.3±23.1Ba 50.1±5.4Ca 50.1±3.9Ca 40.2±4.3Cb 48.4±5.2Ca 43.1±9.2Ba 
2d 83.9±25.5Aa 62.8±11.9Bb 88.6±30.5Ba 60.7±60.7Bb 69.4±20.7 Ba 79.5±21.5Aa 
7d 96±13.5Aa 74.2±30.0Ab 116.3±28.2Aa 92.6±31.2 Ab 92.7±11.9Aa 78.6±13.1Ab 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
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The number of crypt per villi in VE were higher than that in C at 2d in the duodenum and 
ileum (P＜0.05, Table. 36-2). There was significant difference in the crypt depth between VE 
and C. Crypt depth in VE was higher than that in C at hatch in the duodenum, jejunum and 
ileum and at 2d in the ileum (P<0.05, Table. 37-2).  
Table 37-2 Depth of crypt in the small intestine 
Age Depth of crypt (μm) 
Duodenum Jejunum Ileum 
VE C  VE C   VE C   
0 46.4±5.6Ba 50.1±5.4Aa 40.1±6.2Ba 40.2±4.3Ba 61.4±10.5Ba 43.1±9.2Bb 
2d 103.5±27.4Aa 62.8±11.9Ab 103.3±30.3Aa 60.7±6.7Ab 100.6±19.0 Aa 79.5±21.5Ab 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 38-1 Width of crypt in the small intestine 
Age Width of crypt (μm) 
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
0 26.2±14.1 Ba 31.7±4.3 Ca 31.7±5.3Ba 30.5±5.2 Ca 34.5±6.5Ba 33.3±4.3Ba 
2d 41.1±11.0Ba 39.4±39.4Ba 35.1±10.3Bb 44.2±9.6Ba 37.9±10.8Bb 49±6.6Aa 
7d 95.6±14.5Aa 59±9.4Ab 53.5±12.5Aa 36.8±7.9Ab 50.6±10.7Aa 46.0±5.9Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 38-2 Width of crypt in the small intestine 
Age Width of crypt (μm) 
Duodenum Jejunum Ileum 
VE C  VE C   VE C   
0 34.5±7.7 Ba 31.7±4.3 Aa 27.2±6.4Ba 30.5±5.2 Ba 36.7±6.6Ba 33.3±4.3Ba 
2d 44.6±11.5Aa 39.4±39.4Aa 38.7±8.1Aa 44.2±9.6Aa 44.9±9.4Aa 49±6.6Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Crypt width was higher in the duodenum and jejunum at 2d in the C, however, that appeared 
wider in the duodenum and jejunum at 7d in the VD (P<0.05, Table. 38-1). There was not 
difference in crypt width between VE and C (Table. 38-2). 
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Although the ratio of villi height to crypt depth increased with age, there were not significant 
differences between two groups (Table. 39-1). Meanwhile the significant difference in the ratio 
between VE and C was no found (Table. 39-2).  
Table 39-1 The ratio of villi height to crypt depth 
Age The ratio of villi height to crypt depth  
Duodenum Jejunum Ileum 
VD C  VD C   VD C   
0 5.94±2.99Ca 5.67±2.35Ca 6.53±1.64Ba 6.19±1.13Ba 5.63±1.15Aa 4.92±1.27Aa 
2d 7.22±2.24Ba 6.85±2.62Ba 6.43±1.55Ba 6.88±1.70ABa 4.05±1.01Ba 3.65±1.02Ba 
7d 8.39±1.91Aa 8.47±3.46Aa 7.49±1.71Aa 7.54±2.21 Aa 3.96±0.78Ba 4.52±0.79Aa 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Table 39-2 The ratio of villi height to crypt depth 
Age The ratio of villi height to crypt depth  
Duodenum Jejunum Ileum 
VE C  VE C   VE C   
0 5.47±3.51Aa 5.67±2.35Aa 6.35±1.71Aa 6.19±1.13Aa 3.24±0.58Ba 4.92±1.27Aa 
2d 5.15±1.91Ba 6.85±2.62Aa 6.73±1.05Ba 6.88±1.70Aa 3.11±1.21Aa 3.65±1.02Ba 
a,bMeans within rows (same section) or ABCD means in colum with different superscript letters are different (P <0.05). 
Discussion  
The small intestine is one of the most important sites of nutrient absorption. There are many 
factors that could result in morphologic alteration of the small intestine. 25-OH-D3 not only 
plays critical role in the absorption of calcium to calcify bone (Bronner et at., 1986; Norman, 
1990; Fritts et al., 2003), but also mediates the intestinal function and morphology (Fleet et al., 
1999; Yu et al., 1998; Hristov et al., 2008). Chou (2009) reported that the small intestine of 
7-d-old birds fed with 25-OH-D3 weighed numerically less than that of the control birds and 
there was a numerical trend for birds supplemented with 25-OH-D3 to have lighter small 
intestines at 14, 21, 28, and 35 d of age. In our study, we got the same results, we observed 
that maternal Vitamin D3 induced the light weight and short length of intestine of offspring. 
Our results was in agreement with that of Derting and Bogue (1993) who demonstrated that 
there was a direct relationship between the wet and dry mass of the small intestine and the 
energy demand by the animal. The current study suggests that supplemental 25-OH-D3 results 
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in lighter and short small intestines and therefore may lower the dietary energy need of chicks 
after hatch. Further research is needed to confirm this finding.  
Chou (2009) reported that the thickness of muscle layer increased in the 25-OH-D3-fed broiler 
chicken in the duodenum and jejunum and decreased in the ileum. However our investigation 
demonstrated that thickness of muscle of chicks from maternal fed with Vitamin D3 decreased 
in the duodenum and jejunum and increased in the ileum at 7d. Intestinal muscle depth 
decrease in the up small intestine and increase in the end of small intestinal, this may be 
explained by the absorption of Vitamin D3. Despite the vigor of the active transport process by 
the duodenum, most of the absorption of ingested calcium occurs in the lower segment of the 
small intestine and Vitamin D3 is availably absorbed in the ileum (Wasserman, 2004). Also we 
speculated that the weight and length have correlation to the thickness of intestine wall and 
muscle layer. 
Vitamin D3 action in maintaining the morphological and functional development of the 
intestinal has been reported by many researchers (Wayne et al., 1976; Moriuchi et al 1980; 
Brewer and Corradino, 1983; McCarthy et al., 1984; Shinki et al., 1991). They found that 
25-OH-D3 consistently resulted in significantly higher villi height of the small intestine. But 
Chou (2009) found that 25-OH-D3 stimulated the increase of villi length of the duodenum and 
jejunum and decrease that of the ileum. In present study we found that 25-OH-D3 of maternal 
diet induced the increase of the villi height in the three segments. This is in line with previous 
researchers reported that 5-OH-D3 aroused to lengthen the villi in small intestine and augment 
the ratio of villi length to crypt depth (Chou, 2009). Also he demonstrated that there were 
various increasing rates of crypt depth and the ratio of villi length to crypt depth in different 
ages. In our study maternal 25-OH-D3 provoked to increase the crypt height in small intestine. 
However, the ratio of villi height to crypt depth was no significant different in the presence or 
in the absence of 25-OH-D3. 25-OH-D3 positively influenced villi length that may suggest an 
enhanced rate of nutrient absorption. Furthermore, it positively effected on crypt depth may 
speculate a increased rate of enterocytecell migration from the crypt to the villi. 
The mechanism by which Vitamin D3 modulated the morphological and functional 
development of intestinal villi mucosa may be regulated by putrescine (Shinki et al., 1991). 
This authors reported that a single injection of 1 alpha,25-dihydroxyVitamin D33 into Vitamin 
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D3-deficient chicks produces a marked increase of putrescine accumulation. It is well 
documented that polyamines (putrescine, spermidine, and spermine) play an essential role in 
cell proliferation and differentiation. Putrescine can be produced from both ornithine and 
spermidine. Ornithine decarboxylase is the rate-limiting enzyme for the conversion of 
ornithine into putrescine, whereas spermidine N-acetyltransferase is essential for regenerating 
putrescine from spermidine. The activities of both ornithine decarboxylase and spermidine 
N-acetyltransferase are markedly enhanced by 1α,25-(OH)2-D3 (Shinki et al., 1981, 1985).  
Increased villus size induces cell proliferation in the crypt epithelium (Lauronen et al., 1998). 
It has been suggested that long villi result in increased surface area and are capable of greater 
absorption of available nutrients (Caspary, 1992). Long villi were reported in chickens 
(Samanya and Yamauchi, 2002; Maneewan and Yamauchi, 2004) and piglets (Zijlstra et al., 
1996) that showed an increased body weight gain. In our study we found that at hatch the villi 
height and surface of chick from maternal 25-(OH)2-D3 were larger than that of control group, 
but there was no difference regarding the body weight. This should be explained by difference 
period of life.  
The gastrointestinal tract is one of the most rapidly proliferating organs in the body. Crypt size 
and fission were likely to be of particular importance for the intestinal stem cell as intestinal 
proliferation (Berlanga et al., 2001). Tsalie (2006) demonstrated that vitamin E accelerate the 
epithelial cell proliferation in the ileal crypts and explained that VE ameliorated ileal intestinal 
mucosal architecture. Murakami (2007) reported that VE 10 mg/kg supplemented in the diet 
induced to deepen the crypt at 7 day. We got similar result that vitamin E administrated in 
maternal diet had an effect on the villi height, the number of crypt and crypt depth in small 
intestine of chick after hatch. According to these findings, we speculated that vitamin E 
administrated in maternal diet can accelerate the development of small intestine of chick by 
increasing crypt number and size and improving nutrients absorptive ability by increasing the 
surface area of small intestinal mucosa of chick. 
In conclusion, the vitamin D and E added in the hen diet could increase the intestinal villi and 
crypt of chick. These results suggest that dietary vitamin D and E can be used as a feed 
additive in maternal diet to stimulate morphological maturation and in consequence intestinal 
function in chicks.
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